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(54) Protective sheet for solar battery module, method of fabricating the same and solar battery 
module 



(57) A protective sheet for a solar battery module 
comprises a weather-resistant sheet (1 ) of, for example, 
a fluorocarbon resin, and a deposited inorganic oxide 
thin film (2) formed on one of the surfaces of the weath- 



er-resistant sheet (1). A surface-treated layer (3) is 
formed in the weather-resistant sheet (1 ) to enhance ad- 
hesion between the weather-resistant sheet (1) and the 
deposited inorganic oxide thin film (2). 
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Description 



[00011 The present invention relates to a protective sheet for a solar battery module, a method of fabricating the 
protective sheet and a solar battery module provided with the protective sheet. More specifically, the present invention 
5 relates to a protective sheet for protecting the front surface or the back surface of a solar battery module, excellent in 
properties including strength, weather resistance, heat resistance, light resistance, wind endurance, hailstorm resist- 
ance, chemical resistance, moisture resistance and soil resistance, and having very high durability and protective 
ability; and solar battery module employing the protective sheet. 

[0002] With an increasing rise in awareness of environmental problems, solar batteries as clean energy sources 
w have attracted a great deal of attention . Various types of solar battery modules have been developed and proposed 
in recent years. 

[0003] Generally, a solar battery module is fabricated, for example, by fabricating silicon solar cells or amorphous 
silicon solar cells, superposing a protective sheet, a filler layer, a layer provided with solar cells, i.e., photovoltaic cells, 
a filler layer and a back protective sheet in that order in a laminated structure, bringing those component layers into 

15 dose contact by vacuum, and laminating those component layers by a lamination process. 

[0004] The solar battery modules were applied to pocket calculators in the early stage of solar battery application 
and subsequently, began to be applied to various kinds of electronic apparatuses. The field of civil application of solar 
battery modules have rapidly been spreading in recent years. The most important object of the solar battery module 
application will be the realization of large-scale, concentrated solar battery power generation. 

20 [0005] The presently most common front surface protective sheet for the solar battery module is a glass sheet. Resin 
sheets, such as fluorocarbon resin sheets, have become notable in recent years and the development of resin sheets 
is in rapid progress. 

[0006] Resin sheets excellent in strength are the most commonly used as the back protective sheet for the solar 
battery module. Metal sheets also are used as back protective sheets. 

25 [0007] Generally, a protective sheet included in a solar battery module, for example, a front surface protective sheet, 
must be highly transparent to sunlight because the solar battery absorbs sunlight for photovoltaic power generation, 
and excellent in properties including strength, weather resistance, heat resistance, water resistance, light resistance, 
wind endurance, hailstorm resistance and chemical resistance. Particularly, the protective sheet must be excellent in 
moisture-proof property to prevent the permeation of moisture and oxygen, have a high surface hardness, excellent 

30 in soil resistance to prevent dust accumulation, have very high durability and protective ability. The back protective 
sheet must meet substantially the same conditions as those for the front surface protective sheet. 
[0008] The glass sheet, which is the most commonly used at present as the front surface protective sheet of the 
solar battery module, has a high sunlight transmittance, is excellent in properties relating to durability, such as weather 
resistance, heat resistance, water resistance, light resistance and chemical resistance, is excellent in moistureproof 

35 property, has a high surface hardness, is excellent in soil resistance to prevent dust accumulation and has high pro- 
tective ability. However, the glass sheet is inferior in strength, plasticity, impact resistance, workability, handling facility 
and cost. 

[0009] Although the fluorocarbon resin sheet serving as the front surface protective sheet of the solar battery module, 
as compared with the glass sheet, is satisfactory in strength, plasticity, impact resistance and weight, the same is 

40 inferior in properties relating to durability including weather resistance, heat resistance, water resistance light resistance 
and chemical resistance, and is particularly unsatisfactory in moistureproof property and soil resistance. 
[0010] Although a resin sheet having a high strength, as employed as the back protective sheet of the solar battery 
module, is satisfactory in strength, plasticity, impact resistance, weight and cost, the same is inferior in properties 
relating to durability including weather resistance, heat resistance, water resistance, light resistance and chemical 

45 resistance and, particularly, lacks moistureproof property and soil resistance. 

[0011] There have been a proposal to use sheets of a material having an excellent gas-barrier property and imper- 
meable to moisture, oxygen gas and the like as the front or the back surface protective sheet of the solar battery 
module. The most commonly used sheets having an excellent gas-barrier property are aluminum foils. 
[0012] Although very excellent in gas-barrier property, aluminum foils cause problems in the disposal thereof and, 

50 basically, aluminum foils are opaque and obstruct the view of things behind them. 

A resin film excellent in gas-barrier property, such as a film of a polyvinylidene chloride resin, or a polyvinyl alcohol 
resin or an ethylene-vinyl alcohol copolymer is a previously proposed resin film excellent in gas-barrier property. The 
resin film of a polyvinylidene chloride resin produces chlorinated gases when incinerated. Therefore, it is undesirable 
to use such a film in view of preventing environmental pollution. Basically, the gas-barrier property of that resin film is 

55 not necessarily satisfactory and that resin film is unsuitable for uses requiring a high gas-barrier property. The resin 
film of the polyvinyl alcohol resin or the ethylene-vinyl alcohol copolymer has a relatively excellent gas-barrier property 
in an absolute dry condition and is not satisfactory in impermeability to moisture. The impermeability of this resin film 
to oxygen gas deteriorates under a moist condition. Accordingly, this film is unsuitable, from the practical point of view, 
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for use as a gas-barrier film. 

[001 3] A recently proposed gas-barrier film excellent in gas-barrier property is, for example, an inorganic oxide film, 
such as a silicon oxide film or an aluminum oxide film, deposited by a physical vapor deposition process, such as a 
vacuum evaporation process, or a chemical vapor deposition process, such as a low-temperature plasma chemical 

5 vapor deposition process. 

[0014] The gas-barrier film formed by depositing such an inorganic oxide is an aggregate of inorganic oxide grains 
and inevitably has defects in its structure, which limits reliability in gas-barrier property. Since such a gas-barrier film 
has a glassy structure, the gas-barrier film is inferior in flexibility and is subject to cracking when mechanical stress is 
induced therein. When cracked, the gas-barrier property of the gas-barrier film deteriorates greatly. 

10 [0015] A previously proposed composite gas-barrier film is a multilayer gas-barrier film comprising a plurality of 
component films formed by a multistage vapor deposition process. Another previously proposed composite gas-barrier 
film comprises a resin film having an excellent gas-barrier property and a deposited inorganic oxide film deposited on 
the surface of the resin film. These composite gas-barrier films are not necessarily satisfactory. 
[0016] The present invention provides a safe protective sheet for a solar battery module, having a high strength, 

*5 excellent in properties including weather resistance, heat resistance, water resistance, light resistance, wind endur- 
ance, hailstorm resistance, chemical resistance, moisture resistance and soil resistance, greatly improved in moisture- 
proof property to prevent the permeation of moisture and oxygen, capable of limiting long-term deterioration to the 
least extent, having very high durability and protective ability, and capable of being manufactured at a low cost; a 
method of fabricating the protective sheet; and a solar battery module. 

20 [0017] The present invention provides a protective sheet for a solar battery module, comprising a weather-resistant 
sheet and an inorganic oxide thin film deposited on one surface of the weather-resistant sheet by vapor deposition. 
[0018] The present invention provides a protective sheet for a solar battery module, formed by superposing a pair 
of laminated sheet each comprising a weather-resistant sheet and an inorganic oxide thin film deposited by vapor 
deposition. 

25 [0019] The present invention provides a protective sheet for a solar battery module, comprising a weather-resistant 
sheet and an ultraviolet ray intercepting layer, an infrared ray intercepting layer or a highly reflecting layer. 
[0020] The present invention provides a method of fabricating a protective sheet of a laminated construction com- 
prising at least a weather-resistant sheet and an ultraviolet ray intercepting layer formed on the weather-resistant sheet 
for a solar battery module, comprising the steps of: preparing the weather-resistant sheet; and forming the ultraviolet 

30 ray intercepting layer by applying a coating resin liquid containing Ti0 2 or Ce0 2 having a mean grain size in the range 
of 1 to 100 nm dispersed therein to the weather-resistant sheet and drying the same. 

[0021] The present invention provides a method of fabricating a protective sheet of a laminated construction com- 
prising at least a weather-resistant sheet and an infrared ray intercepting layer formed on the weather-resistant sheet 
for a solar battery module, comprising the steps of; preparing the weather-resistant sheet; and forming the infrared ray 

35 intercepting layer y depositing a metal on the weather-resistant sheet by vapor deposition or by applying a coating 
resin liquid containing a metal oxide particles dispersed therein to the weather-resistant sheet and drying the same. 
[0022] The present invention provides a solar battery module comprising: solar cells; a pair of filler layers sandwiching 
the solar cells therebetween; and a pair of protective sheet disposed on the filler layers, respectively; wherein at least 
one of the protective sheet comprises a weather-resistant sheet and an inorganic oxide thin film formed by vapor 

to deposition. 

[0023] The present invention provides a solar battery module comprising: solar cells; a pair of filler layers sandwiching 
the solar cells therebetween; and a pair of protective sheet disposed on the filler layers, respectively; wherein at least 
one of the protective sheet is formed by superposing a pair of laminated structures each comprising a weather-resistant 
sheet and an inorganic oxide thin film formed by vapor deposition. 

45 [0024] . The present invention provides a solar battery module comprising: solar cells; a pair of filler layers sandwiching 
the solar cells therebetween; and a pair of protective sheet disposed on the filler layers, respectively; wherein at least 
one of the protective sheet comprises a weather-resistant sheet, and an ultraviolet ray intercepting layer, an infrared 
ray intercepting layer or a highly reflective layer formed on one of the surfaces of the weather-resistant sheet. 
[0025] The present invention provides a solar battery module comprising: solar cells; a pair of filler layers sandwiching 

50 the solar cells therebetween; and a pair of protective sheet disposed on the filler layers, respectively; wherein at least 
one of the protective sheet comprises a weather-resistant sheet and a light confining layer formed on one of the surfaces 
of the weather-resistant sheet. 

Fig. 1 is a typical sectional view of a protective sheet in a first embodiment according to the present invention for 
55 a solar battery module; 

Fig. 2 is a typical sectional view of a protective sheet for a solar battery module; 
Fig. 3 is a typical sectional view of a protective sheet for a solar battery module; 
Fig. 4 is a typical sectional view of a protective sheet for a solar battery module; 
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Fig 5 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 1; 
Fig 6 is a typical sectional view of a solar battery module provided with the protective sheet shown in F»g. 1; 
Fig 7 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 1; 
Fig. 8 is a diagrammatic view of a continuous vapor deposition system for forming an inorganic ox.de thin film by 
5 a physical vapor deposition process for vapor deposition 

Fig. 9 is a diagrammatic view of a tow-temperature plasma chemical vapor deposition system for forming an inor- 
ganic oxide thin film by a physical vapor deposition process for vapor deposition; 

Fig. 10 is a typical sectional view of a protective sheet in a third embodiment according to the present invent.on 
for a solar battery module; 
10 Fig. 11 is a typical sectional view of a protective sheet for a solar battery module; 

Fig 12 is a typical sectional view of a protective sheet for a solar battery module; 

Fig 13 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 10; 
Fig 14 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 10; 
Fig 15 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 10; 
15 Fig. 1 6 is a typical sectional view of a protective sheet in a fourth embodiment according to the present invention 

for a solar battery module; 

Fig. 17 is a typical sectional view of a protective sheet for a solar battery module; 

Fig. 18 is a typical sectional view of a protective sheet for a solar battery module; 

Fig. 19 is a typical sectional view of a protective sheet for a solar battery module; 
20 Fig 20 is a typical sectional view of a protective sheet for a solar battery module; 

Fig 21 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 16; 

Fig 22 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 16; 

Fig 23 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 16; 

Fig. 24 is a typical sectional view of a protective sheet in a fifth embodiment according to the present invention for 
25 a solar battery module; 

Fig. 25 is a typical sectional view of a protective sheet for a solar battery module; 

Fig. 26 is a typical sectional view of a protective sheet for a solar battery module; 

Fig. 27 is a typical sectional view of a protective sheet for a solar battery module; 

Fig 28 is a typical sectional view of a protective sheet for a solar battery module; 
30 Fig 29 is a typical sectional view of a solar battery module provided with the protective sheet shown in Fig. 24; 

Fig. 30 is a typical sectional view of a protective sheet in Example 1 in a seventh embodiment according to the 

present invention for a solar battery module; 

Fig. 31 is a typical sectional view of a protective sheet in Example 2 in a seventh embodiment according to the 
present invention for a solar battery module; 
35 Fig. 32 is a typical sectional view of a protective sheet in Example 3 in a seventh embodiment according to the 

present invention for a solar battery module; 

Fig. 33 is a typical sectional view of a protective sheet in Example 4 in a seventh embodiment according to the 
present invention for a solar battery module; 

Fig 34 is a typical sectional view of a solar battery module embodying the present invention; 
40 Figs. 35(a) to 35(e) are typical sectional views of assistance in explaining a process of fabricating a protective 

sheet in an eighth embodiment according to the present invention for a solar battery module; 
Figs. 36(a) to 36(e) are typical sectional views of assistance in explaining a process of fabricating a protective 
sheet in a modification of the protective sheet shown in Fig. 35; 

Figs. 37(a) and 37(b) are typical sectional views of a light confining layer included in a protective sheet for a solar 
45 battery module; 

Figs. 38(a), 38(b) an d38(c) are a typical plan view, a typical sectional view and a typical perspective view, respec- 
tively, of an example of a reflecting structure included in the light confining layer shown in Figs. 37(a) and 37(b); 
Figs. 39(a), 39(b) and 39(c) are a typical plan view, a typical sectional view and a typical perspective view, respec- 
tively, of another example of a reflecting structure included in the light confining structure; and 
50 Fig. 40 is a typical sectional view of a solar battery module embodying the present invention provided with a 

protective sheet. 

FIRST EMBODIMENT 

55 [0026] The present invention will be described hereinafter with reference to the accompanying drawings. 

[0027] In this description, the term "sheet" is used in its broad sense to denote both sheets and films, and the term 
"film" is used in its broad sense to denote both sheets and films. 

[0028] Figs. 1 to 4 are typical sectional views of protective sheets in examples in a first embodiment according to 
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the present invention for a solar battery module, and Figs. 5 to 6 are typical sectional views of solar battery modules 
employing the protective sheet shown in Fig. 1. 

[0029] Referring to Fig. 1 , a protective sheet A embodying the present invention for a solar battery module comprises 
a fluorocarbon resin sheet (weather-resistant sheet) 1 , and a deposited inorganic oxide thin film 2 formed on one of 

5 the surfaces of the fluorocarbon resin sheet 1 . 

[0030] As shown in Fig. 2, a protective sheet A 1 in an example of the first embodiment for a solar battery module is 
formed by surface-treating one of the surfaces of a fluorocarbon resin sheet 1 to form a surface-treated layer 3, and 
forming a deposited inorganic oxide thin film 2 on the surface-treated layer 3 of the fluorocarbon resin sheet 1 . 
[0031] As shown in Fig. 3, a protective sheet ' n another example of the first embodiment for a solar battery module 

10 is formed by forming a multilayer film 4 consisting of at least two deposited inorganic oxide thin films 2 on one of the 
surfaces of a fluorocarbon resin sheet 1 . 

[0032] As shown in Fig. 4 a protective sheet A 3 in a third example of the first embodiment for a solar battery module 
comprises a fluorocarbon resin sheet 1 and a composite film 5 formed on one of the surfaces of the fluorocarbon resin 
film 1. The composite film 5 consists of a first deposited inorganic oxide thin film 2a formed on one of the surfaces of 
f5 the fluorocarbon resin sheet 1 by a chemical vapor deposition process, and a second deposited inorganic oxide thin 
film 2b of an inorganic oxide different from that of the first deposited inorganic oxide film 2a, formed on the first deposited 
inorganic oxide thin film 2a by a physical vapor deposition process. 

[0033] Those protective sheets are only examples of the protective sheet in the first embodiment and the present 
invention is not limited thereto. 

20 [0034] For example, in each of the protective sheets shown in Figs. 3 and 4, the surface of the fluorocarbon resin 
sheet 1 may be finished in a surface-treated surface similar to the surface-treated surface 3 shown in Fig. 2. In the 
protective sheet A 3 shown in Fig. 4, a deposited inorganic oxide thin film may be formed first on the surface of the 
fluorocarbon resin sheet 1 by a physical vapor deposition process, and then another deposited inorganic oxide thin 
film may be formed by a chemical vapor deposition process. 

25 [0035] A solar battery module employing this protective sheet A embodying the present invention and shown in Fig. 
1 will be described by way of example. Referring to Fig. 5, a solar battery module T employs the protective sheet A 
shown in Fig. 1 as its front surface protective sheet 11. The solar battery module T is fabricated by superposing the 
protective sheet 11 (A), a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and a generally known 
back surface protective sheet 15 in that order in a superposed structure, and subjecting the superposed structure to 

30 a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. The deposited inorganic 
oxide thin film 2 of the protective sheet 11 faces inside. 

[0036] Another solar battery module T., shown in Fig. 6 employs the protective sheet A shown in Fig. 1 as its back 
surface protective sheet 16. The solar battery module T-, is fabricated by superposing a generally known front surface 

35 protective sheet 17, a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and the protective sheet 16 
(A) in that order in a superposed structure, and subjecting the superposed structure to a generally known forming 
process, such as a lamination process, in which those component layers of the superposed structure are brought into 
close contact by vacuum and are bonded together by hot pressing. The deposited inorganic oxide thin film 2 of the 
protective sheet 16 faces inside. 

40 [0037] A third solar battery module T 2 shown in Fig. 7 employs the protective sheet A shown in Fig. 1 as its front 
surface protective sheet 11 and its back surface protective sheet 16. The solar battery module T 2 is fabricated by 
superposing the front surface protective sheet 11 (A), a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 
14 and the protective sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to 
a generally known forming process, such as a lamination process, in which those component layers of the superposed 

45 structure are brought into close contact by vacuum and are bonded together by hot pressing. The deposited inorganic 
oxide thin film 2 of each of the protective sheets 11 and 16 faces inside. 

[0038] The foregoing protective sheets in accordance with the present invention and the foregoing solar battery 
modules employing those protective sheets are examples intended to illustrate the invention and not to be construed 
to limit the scope of the invention. 
50 [0039] For example, the protective sheets shown in Figs. 2, 3 and 4 can be applied to solar battery modules of various 
types. The foregoing solar battery modules may comprise additional layers for sunlight absorption, reinforcement or 
the like. 

[0040] Materials for and methods of fabricating the protective sheets in accordance with the present invention and 
the solar battery modules employing those protective sheets will be described. The fluorocarbon resin sheet 1 for the 
55 protective sheets embodying the present invention and the solar battery modules employing those protective sheets 
is a transparent film or a transparent sheet of any one of polytetrafluoroethylene (PTFE), perfluoroalcoxy resins (PFA), 
i.e., copolymers of tetrafluoroethylene and perfluoroalkyl vinyl ether, tetafluoroethylene-hexafluoropropylene copoly- 
mers (FEP), tetrafluoroethylene-perfluoroalkyl vinyl ether-hexafluoropropylene copolymers (EPE), tetrafluoroethylene- 
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ethylene or propylene copolymers (ETFE), polychlorotrifluoroethylene resins (PCTFE), ethylene-chlorotrifluoroethyl- 
ene copolymers (ECTFE), vinylidene fluoride resins (PVDF), and polyvinyl fluorides (PVF). 

[0041] Sheets of polyvinyl fluorides (PVF) and tetrafluoroethylene-ethylene or -propylene copolymers (ETFE) among 
the foregoing fluorocarbon resin sheets 1 are most preferable from the viewpoint of transparency and transmittance 
5 to sunlight. 

[0042] The protective sheets of the solar battery modules using the fluorocarbon resin sheet 1 utilize the excellent 
properties of the fluorocarbon resin sheet 1 including mechanical properties, heat resistance, optical properties, weath- 
er resistance including light resistance, heat resistance, water resistance and the like, soil resistance and chemical 
resistance The protective sheet is equal in optical properties and durability to a glass sheet generally used as a pro- 
10 tective sheet, has satisfactory mechanical properties, and is more flexible and lighter than a glass sheet, excellent in 
workability and easy to handle. 

[0043] The fluorocarbon resin sheet 1 may be, for example, any one of films or sheets of the foregoing fluorocarbon 
resins formed by a film forming process, such as an extrusion process, a casting process, a T-die extrusion process, 
a cutting process, an inflation process or the like, any one of multilayer films or multilayer sheets of two or more kinds 

15 of the foregoing fluorocarbon resins formed by a coextrusion process, or any one of films or sheets formed by subjecting 
a mixture of a plurality of kinds of the foregoing fluorocarbon resins to a film forming process. When necessary, the 
fluorocarbon resin sheet 1 may be a uniaxially or biaxially oriented film or sheet formed by subjecting a fluorocarbon 
resin film or sheet to a uniaxial or biaxial orientation process of a tenter system or a tubular film system. 
[0044] The thickness of the fluorocarbon resin sheet is in the range of about 12 to about 200 urn, desirably, in the 

20 range of about 25 to about 150 ujti. 

[0045] It is desirable that the fluorocarbon resin sheet 11 of the present invention has a visible light transmittance of 
90% or above, preferably, 95% or above and a property to transmit all incident sunlight and to absorb the same. 
[0046] When forming the fluorocarbon resin sheet, various compounding ingredients and additives may be added 
to the fluorocarbon resin to improve the workability, heat resistance, weather resistance, mechanical properties, di- 

25 mensional stability, oxidation resistance, slipperiness, reusability, flame retardancy, antifungal property, electric prop- 
erties and the like. The amount of each of the compounding ingredients and the additives is in the range of a very small 
percent to several tens percent and may optionally be determined according to the purpose. 

[0047] The fluorocarbon resin may contain commonly known additives, such as a lubricant, a crosslinking agent, an 
oxidation inhibitor, an ultraviolet absorber, a light stabilizer, a filler, a reinforcing material, a stiffener, an antistatic agent, 
30 a flame retarder, a flame-resistant agent, a foaming agent, an antifungus agent, a pigment and the like. The fluorocarbon 
resin may further contain modifiers. 

[0048] In the present invention, it is preferable to use a fluorocarbon resin sheet of a fluorocarbon resin produced 
by preparing a mixture of a fluorocarbon resin, and an oxidation inhibitor or an ultraviolet absorber, and kneading the 
mixture. 

35 [0049] In the present invention, it is preferable to use a fluorocarbon resin sheet of a fluorocarbon resin produced 
by preparing a mixture of a fluorocarbon resin, an oxidation inhibitor and/or an ultraviolet absorber, and kneading the 
mixture. 

[0050] The ultraviolet absorber absorbs detrimental ultraviolet rays contained in sunlight, converts the energy or 
ultraviolet rays into harmless thermal energy in its molecules to prevent active species that starts the photodeterioration 
40 of polymers from being excited. One or some of ultraviolet absorbers, such as those of a benzophenone group, a 
benzotriazole group, a salicylate group, an acrylonitrile group, metallic complex salts, a hindered amine group and an 
inorganic ultraviolet absorber, such as ultrafine titanium oxide powder (particle size: 0.01 to 0.06 urn) or ultrafine zinc 
oxide powder (particle size: 0.01 to 0.04 urn), may be used. 

[0051] The oxidation inhibitor prevents the light deterioration or thermal deterioration of polymers. Suitable oxidation 
45 inhibitors are, for example, those of a phenol group, an amine group, a sulfur group, a phosphoric acid group and the like. 
[0052] The ultraviolet absorber or the oxidation inhibitor may be an ultraviolet absorbing polymer or an oxidation 
inhibiting polymer produced by chemically bonding an ultraviolet absorber of the benzophenone group or an oxidation 
inhibitor of the phenol group to the principal chains or the side chains of a polymer. 

[0053] The ultraviolet absorber and/or the oxidation inhibitor content is dependent on the shape and density of par- 
50 tides and a preferable ultraviolet absorber and/or the oxidation inhibitor content is in the range of about 0.1 to about 
10% by weight. 

[0054] When necessary, a surface-treated layer 3 may be formed in a surface of the fluorocarbon resin sheet 1 by 
a surface pretreatment process to improve the adhesion between the surface of the fluorocarbon resin sheet 11 and 
the deposited inorganic oxide thin film 2. 
55 [0055] The surface-treated layer 3 may be formed by, for example, a corona discharge treatment, an ozone treatment, 
a low-temperature plasma treatment using oxygen gas or nitrogen gas, a glow discharge treatment, an oxidation treat- 
ment using a chemical or the like. The surface-treated layer 3 may be a corona-treated layer, an ozone-treated layer, 
a plasma-treated layer, an oxidized layer or the like. 
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[0056] The surface pretreatment of the fluorocarbon resin sheet may be carried out before forming the deposited 
inorganic oxide thin film. When the surface of the fluorocarbon resin sheet is to be treated by a low-temperature plasma 
process or a glow discharge process, the surface pretreatment may be carried out in an in-line processing mode as a 
pretreatment process in a process for forming the deposited inorganic oxide thin film, which is effective in reducing the 
5 manufacturing cost. 

[0057] The surface of the fluorocarbon resin sheet 1 is finished by the surface pretreatment to improve the adhesion 
between the fluorocarbon resin sheet 1 and the deposited inorganic oxide thin film 2. The improvement of adhesion 
can be achieved by forming, instead of forming the surface-treated layer, a layer of a primer, an undercoater, an an- 
choring agent, an adhesive or a deposited undercoating material, 
to [0058] Suitable materials for forming the coating layer are, for example, composite resins containing a polyester 
resin, a polyamide resin, a polyurethane resin, an epoxy resin, a phenolic resin, a (meta)acrylic resin, a polyvinyl acetate 
resin, a polyolefin resin such as a polyethylene, a polypropylene or a copolymer or a resin obtained by modifying one 
of those resins, a cellulose resin or the like as a principal component of a vehicle. 

[0059] In the present invention, the composite resin may contain an ultraviolet absorber and/or an oxidation inhibitor 

15 for light resistance improvement. 

[0060] The ultraviolet absorber absorbs detrimental ultraviolet rays in sunlight, converts the energy of ultraviolet rays 
into harmless thermal energy in its molecules to prevent active species that starts the photodeterioration of polymers 
from being excited. One or some of ultraviolet absorbers, such as those of a benzophenone group, a benzotriazole 
group, a salicylate group, an acrylonitrile group, metallic complex salts, a hindered amine group and an inorganic 

20 ultraviolet absorber, such as ultrafine titanium oxide powder (particle size: 0.01 to 0.06 u.m) or ultrafine zinc oxide 
powder (particle size: 0.01 to 0.04 u.m), may be used. 

[0061] The oxidation inhibitor prevents the light deterioration or thermal deterioration of polymers. Suitable oxidation 
inhibitors are, for example, those of a phenol group, an amine group, a sulfur group, a phosphoric acid group and the like. 
[0062] The ultraviolet absorber or the oxidation inhibitor may be an ultraviolet absorbing polymer or an oxidation 
25 inhibiting polymer produced by chemically bonding an ultraviolet absorber of the benzophenone group or an oxidation 
inhibitor of the phenol group to the principal chains or the side chains of a polymer. 

[0063] The ultraviolet absorber and/or the oxidation inhibitor content is dependent on the shape and density of par- 
ticles and a preferable ultraviolet absorber and/or the oxidation inhibitor content is in the range of about 0.1 to about 
10% by weight. 

30 [0064] The coating layer may be formed of a coating material of, for example, a solvent type, an aqueous type or an 
emulsion type by a roller coating process, a gravure coating process, a kiss-roll coating process or the like. The coating 
layer may be formed by a coating process subsequent to a fluorocarbon resin sheet forming process or a biaxial 
orientation process, or by an in-line coating process included in the film forming process or the biaxial orientation 
process. 

35 [0065] The surface-treated layer 3 may be formed on one surface of the fluorocarbon resin sheet to protect the 
fluorocarbon resin sheet from vapor deposition conditions for forming the deposited inorganic oxide thin film, to sup- 
press yellowing, deterioration, shrinkage or cohesive failure in a surface layer or an inner layer of the fluorocarbon 
resin sheet, and to improve the adhesion between the fluorocarbon resin sheet and the deposited inorganic oxide thin 
film. The surface-treated layer 3, i.e., a deposition-resistant protective film, such as a deposited inorganic oxide thin 
film, may be formed by, for example, a chemical vapor deposition process (CVD process), such as a plasma chemical 
vapor deposition process, a thermal chemical vapor deposition process or a photochemical vapor deposition process, 
or a physical vapor deposition process (PVD process), such as a vacuum evaporation process, a sputtering process 
or an ion plating process. 

[0066] The thickness of the deposition-resistant protective film of silicon oxide or the like may be less than 150 A. 
45 The deposition-resistant protective film may be a nonbarrier film not having any barrier effect to inhibit the permeation 
of source gases and oxygen gas. Concretely, the thickness of the deposition-resistant protective film is in the range of 
about 1 0 to about 1 00 A, preferably, in the range of about 20 to 80 A, more preferably, in the range of about 30 to about 
60 A. 

[0067] If the thickness is greater than 150 A, more concretely 100 A, 80 A or 60 A, the fluorocarbon resin sheet is 
50 exposed to severe deposition conditions. Consequently, the fluorocarbon resin sheet turns yellow, cohesive failure 
occurs, the formation of a satisfactory deposition-resistant protective film becomes difficult, and cracks develop in the 
film. If the thickness is less than 10 A, 20 A or 30 A, the film is incapable of functioning as an effective deposition- 
resistant protective film. 

[0068] The protective sheet of the present invention for a solar battery module, and the deposited inorganic oxide 
55 thin film 2 included in the solar battery module will be described. The deposited inorganic oxide thin film may be a 
single-layer deposited inorganic oxide thin film, a multilayer film consisting of a plurality of deposited thin films of an 
inorganic oxide, or a composite film consisting of a plurality of deposited thin films respectively formed of different 
inorganic oxides by a physical vapor deposition process, a chemical vapor deposition process, or both a physical vapor 
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deposition process and a chemical vapor deposition process. 

[0069] The deposited inorganic oxide thin film formed by a physical vapor deposition process will be described. The 
physical vapor deposition process (PVD process) for forming the deposited inorganic oxide thin film may be, for ex- 
ample a vacuum evaporation process, a sputtering process or anion plating process. 
5 [0070] A deposited film can be deposited on a fluorocarbon resin sheet by a vacuum evaporat.on process using a 
metal oxide as a source material, an oxidation vapor deposition process using a metal or a metal oxide, performing 
oxidation and depositing a metal oxide on the fluorocarbon resin sheet or a plasma-assisted oxidation vapor deposition 
process carrying out a plasma-assisted oxidation. 

[0071] In the foregoing process, the evaporation material may be heated by, for example, a resistance heating meth- 
w od a radio frequency heating method or an electron beam (EB) heating method. 

[0072] Fig. 8 is a diagrammatic view of a continuous vacuum evaporation system for forming the deposited inorganic 
oxide thin film by a physical vapor deposition process. 

[0073] Referring to Fig. 8, in a continuous vacuum evaporation system 21, a fluorocarbon resin sheet 1 unwound 
from a feed roll 23 disposed in a vacuum chamber 22 is guided to a cooling coating drum 26 by guide rollers 24 and 25. 

15 [0074] A source material 28, such as aluminum or aluminum oxide, contained in a crucible 27 is heated and vaporized, 
and the vaporized source material 28 is deposited on the fluorocarbon resin sheet 1 wound around the cooling coating 
drum 26 When necessary, oxygen gas is blown through an oxygen gas supply opening 29 into the vacuum chamber 
22 The evaporated source material 28 is deposited through masks 30 on the fluorocarbon resin sheet 1 in a deposited 
inorganic oxide thin film, such as an aluminum oxide deposited thin film. The fluorocarbon resin sheet 1 coated with 

20 the deposited inorganic oxide thin film, such as an aluminum oxide deposited thin film, is guided through guide rollers 
25' and 24' and is taken up in a take-up roll 31 . A multilayer deposited inorganic oxide thin film consisting of a plurality 
of inorganic oxide films can be formed on a fluorocarbon resin sheet by forming a first deposited inorganic oxide thin 
film on a fluorocarbon resin sheet by a first processing cycle by the continuous vacuum evaporation system, and forming 
a second deposited inorganic oxide thin film on the first deposited inorganic oxide thin film by a second processing 

25 cycle by the same continuous vacuum evaporation system. It is also possible to form the multilayer deposited inorganic 
oxide thin film consisting of a plurality of deposited inorganic oxide thin films by successively processing the fluorocar- 
bon resin sheet by a plurality of continuous vacuum evaporation systems similar to the foregoing continuous vacuum 
evaporation system. 

[0075] Basically, the deposited inorganic oxide thin film may be a deposited thin film of a metal oxide, such as the 
30 oxide of silicon (Si), aluminum (Al), magnesium (Mg), Calcium (Ca), potassium (K), tin (Sn), sodium (Na), boron (B), 
titanium (Ti), lead (Pb), zirconium (Zr), yttrium (Y) or the like. 

[0076] Preferable metal oxide deposited thin films are those of oxides of silicon (Si) and aluminum (A1 ). 
[0077] The metal oxide deposited thin film can referred to as metal oxide, such as silicon oxide, aluminum oxide and 
magnesium oxide. Those metal oxides are represented by MO x (SiO x , AIO x , MgO x ), where V is dependent on the 
35 valence of the metal. 

[0078] The values of "x" re 0 to 2 for silicon (Si), 0 to 1 .5 for aluminum (Al), 0 to 1 for magnesium (Mg), 0 to 1 for 
calcium (Ca), 0 to 0.5 for potassium (K), 0 to 2 for tin (Sn), 0 to 0.5 for sodium (Na), 0 to 1.5 for boron (B),0 to 2 for 
titanium (Ti) 0 to 2 for lead (Pb), 0 to 2 for zirconium (Zr) and 0 to 1 .5 for yttrium (Y). 

[0079] When x = 0, the material is a metal, the film of the material is not transparent and hence cannot be used. 

40 When the value of V is a maximum, the material is a complete oxide of the metal. 

[0080] Although dependent on the kind of the metal or the metal oxide, the thickness of the inorganic oxide thin film 
is for example, in the range of about 50 to about 2000 A, preferably, about 100 to about 1000 A. 
A mixture of different metals or a mixture of different metal oxides may be used for forming the depos.ted inorganic 
oxide thin film. The deposited inorganic oxide thin film may be a film of a mixture of different inorganic oxides. 

45 [0081] Further description will be given of the formation of the deposited inorganic oxide thin film by a chemical vapor 
deposition process. The deposited inorganic oxide thin film can be formed by a chemical vapor deposition process, 
such as a plasma chemical vapor deposition process, a thermal chemical vapor deposition process or a photochemical 
vapor deposition process. 

[0082] More concretely, a deposited thin film of an inorganic oxide, such as silicon oxide can be formed by a low- 
50 temperature plasma chemical vapor deposition process using an evaporation monomer gas, such as an organic silicon 
compound gas, as a source gas, an inert gas, such as argon gas or helium gas, as a carrier gas and oxygen gas as 
an oxygen supply gas. The low-temperature plasma chemical vapor deposition process is carried out by a low-tem- 
perature plasma chemical vapor deposition system. 

The low-temperature plasma chemical vapor deposition system may use, for example, a radio frequency plasma pro- 
55 ducing system, a pulse-wave plasma producing system or a microwave plasma producing system. It is desirable to 
use a radio frequency plasma producing system to produce a highly active, stable plasma. 

[0083] A low-temperature plasma chemical vapor deposition process for forming the deposited inorganic oxide thin 
film will concretely be described by way of example. Fig. 9 is a diagrammatic view of a low-temperature plasma chemical 
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vapor deposition system for carrying out the low-temperature plasma chemical vapor deposition process for forming 
the deposited inorganic oxide thin film. 

[0084] Referring to Fig. 9. in a low-temperature plasma chemical vapor deposition system 41, a fluorocarbon resin 
sheet 1 unwound from a feed roll 43 disposed in a vacuum chamber 42 is guided to the circumference of a cooling 

5 electrode drum 45 by guide roller 44 at a predetermined moving speed. 

[0085] Oxygen gas, an inert gas, a deposition monomer gas, such as an organic silicon compound gas, and such 
are supplied from gas supply units 46 and 47 and a source material volatilizing unit 48. The composition of a mixed 
gas consisting of oxygen gas, the inert gas, the deposition monomer gas and such is adjusted. The mixed gas of a 
predetermined composition is supplied through a gas supply nozzle 49 into the vacuum chamber 42. A plasma 50 is 

10 produced on the fluorocarbon resin sheet 1 wound round the cooling electrode drum 45 by glow discharge to deposit 
a deposited thin film of an organic oxide, such as silicon oxide, on the fluorocarbon resin sheet 1 . 
[0086] Predetermined power is supplied to the cooling electrode drum 45 by a power supply 51 disposed outside 
the vacuum chamber 42. A magnet 52 is disposed near the cooling electrode drum 45 to promote the production of 
the plasma. The fluorocarbon resin sheet 1 provided with the deposited thin film of the inorganic oxide, such as silicon 

15 oxide, is guided to a take-up roll 54 by a guide roller 53 and is taken up on the take-up roll 54. Thus, the deposited 
inorganic oxide thin film can be formed by the plasma chemical vapor deposition process. In Fig. 9, indicated at 55 is 
a vacuum pump. 

[0087] The foregoing protective sheet and the foregoing method of fabricating the same are only examples and are 
not to be construed to limit the scope of the present invention. 

20 [0088] The deposited inorganic oxide thin film is not limited to a single-layer deposited inorganic oxide thin film but 
may be a multilayer film consisting of a plurality of deposited thin films of an inorganic oxide, or a composite film 
consisting of a plurality of deposited thin films respectively formed of different inorganic oxides. . 
[0089] According to the present invention, a multilayer deposited inorganic oxide thin film consisting of a plurality of 
inorganic oxide films can be formed on a fluorocarbon resin sheet by forming a first deposited inorganic oxide thin film 

25 on a fluorocarbon resin sheet by a first processing cycle by the low-temperature plasma chemical vapor deposition 
system , and forming a second deposited inorganic oxide thin film on the first deposited inorganic oxide thin film by a 
second processing cycle by the same low-temperature plasma chemical vapor deposition system. It is also possible 
to form the multilayer deposited inorganic oxide thin film consisting of a plurality of deposited inorganic oxide thin films 
by successively processing the fluorocarbon resin sheet by a plurality of low-temperature plasma chemical vapor dep- 

30 osition systems similar to the foregoing low-temperature plasma chemical vapor deposition system. 

[0090] Monomer gases suitable for depositing the deposited thin film of an inorganic oxide, such as silicon oxide are 
those of 1 ,1 ,3,3-tetramethyldisiIoxane, hexamethyldisiloxane, vinyl trimethylsilane, methyl trimethylsilane, hexameth- 
yldisilane, methylsilane, dimethylsilane, trimethylsilane, diethylsilane, propylsilane, phenylsilane, vinyl triethoxysilane, 
vinyl trimethoxysilane, tetramethoxysilane, tetraethoxysilane, phenyltrimethoxysilane, methyltriethoxysilane, octame- 

35 thylcyclotetrasiloxane and the like. 

[0091] Among the foregoing organic silicon compounds, 1,1,3,3-tetramethyldisiioxane or hexamethyldisiloxane is 
particularly preferable in view of facility in handling and the characteristics of a deposited thin film formed by using the 
same as a source gas. 

[0092] The inert gas is, for example, argon gas, helium gas or the like. 
40 [0093] A silicon oxide deposited thin film formed by the foregoing process according to the present invention is a 
reaction product produced through the interaction of the monomer gas of an inorganic silicon compound or the like 
and oxygen gas and firmly adhering to the fluorocarbon resin sheet and is dense and highly flexible. The silicon oxide 
deposited thin film is a continuous deposited thin film containing silicon oxide indicated by SiO x (x = 0 to 2) as a principal 
component. 

45 [0094] Preferably, the deposited thin film of silicon oxide contains a deposited thin film of silicon oxide indicted by a 
chemical formula SiO x (x = 1.3 5o 1.9) as a principal component, in view of transparency and barrier effect. 
[0095] The value of x of SiO x is dependent on the mole ratio between the monomer gas and oxygen gas, the energy 
of the plasma and the like. Generally, the gas permeability is lower, the deposited thin film becomes yellowish and the 
transparency of the deposited thin film is lower when the value of x is smaller 

50 [0096] The silicon oxide deposited thin film contains silicon (Si) and oxygen (O) as its essential constituent elements, 
and contains a very small amount of carbon (C).hydrogen (H) or both carbon (C) and hydrogen (H). The thickness of 
the silicon oxide deposited thin film is in the range of 50 to 500 A. The content ratio between the essential constituent 
elements and the minor elements varies continuously in a direction along the thickness. 

[0097] The foregoing physical properties of the silicon oxide deposited thin film can be determined through the ele- 
55 mentary analysis of the silicon oxide deposited thin film, in which the silicon oxide deposited thin film is analyzed through 
ion etching in the direction of the depth, by surface analyzer, such as an x-ray photoelectron spectroscope for x-ray 
photoelectron spectroscopy (XPS) or a secondary ion mass spectroscope for secondary ion mass spectroscopy 
(SIMS). 
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[00981 Desirably, the thickness of the silicon oxide deposited thin film is in the range of about 50 to about 2000 A 
Sore concretely, it is desirable that the thickness is in the range of about 100 to 1000 A. A th.ckness fl"*"*^ IZ 
A more specifically greater than 2000 A is undesirable, because a silicon oxide deposited thin film of such a great 
fhiss is SbTe to crack. A thickness less than 100 A. more specifically, .ess than 50 A is undes.rab.e. because a 
silicon oxide deposited thin film of such a small thickness is incapable of functioning as a barrier ™<"_ 
[0099] The thickness can be measured by a fundamental parameter method us.ng. for example, a fluorescent x-ray 
snectrometer (RIX2000, available from K.K. Rigaku). 

[01 00] The thickness of the si.icon oxide deposited thin film can be changed by increasing the silicon ox.de deposi ion 
ate by increasing the respective flow rates of the monomer gas and oxygen gas or by reducing the deposition rate 
SlOfl Each of the component deposited inorganic oxide thin films of the protective sheet ,n accordance w.th the 
praslnt invention for a sofar battery module, and the solar battery module in accordance with the present invention 
may be 1 composite film consisting of a p.ura.ity of deposited thin films of different inorganic ox.des formed by using, 
for example both the physical vapor deposition process and the chemical vapor deposition process ,n combination. 

oxides by first depositing a dense, highly flexible, relatively hard-to-crack inorganic oxide thin film on a fco*oart»n 
resin sheet by a chemical vapor deposition process, and then depositing a deposited .norgan.c ox.de thin film on the 
previously formed deposited inorganic oxide thin film by a physical vapor deposition process^ 

5)103] Naturally, such a composite film consisting of a plurality of deposited thin films may be formed by first, depos- 
ing an inorganic oxide thin film on a fluorocarbon resin sheet by a physical vapor deposit.on process e ind hen ^ 
positing a dense, highly flexible, relatively hard-to-crack inorganic oxide thin film on the prev.ous.y depos.ted inorganic 
oxide thin film by a chemical vapor deposition process. ^ r ; hoH T ho frnnt 

[0104] An ordinary front surface protective sheet included in a solar battery module w.ll be descr.bed. The front 
surface protective sheet must be highly transparent to sunlight and insulating, must be satisfactory ,n propert* .n- 
c.uding weather-resistant properties including heat resistance, light resistance and water resistance -nd endurance 
hailstorm resistance, chemical resistance, moisture-proof property and soil res.stance. must be excellent . phys.ca 
or chemical strength and toughness, must be highly durable, and must be excellent ,n scratch res.stance and .mpact 
absorbing property for the protection of solar cells as photvoltaic cells. , mArMt \ 
[0105] Glass sheets, and films or sheets of various resins including fluorocarbon res.ns, polyam.de res.ns nylons) 
polyester resins, polyethylene resins, polypropylene resins, cyclic po.yo.efin resins, polystyrene res.ns J^S* 
methacrylate resins, polycarbonate resins, aceta. resins and cellulose resins are possible matenals for the protectee 

[0106] The films or sheets of those resins may be uniaxially or biaxially oriented films or sheets 

[01 07] The thickness of the films or sheets is in the range of about 1 2 to about 200 urn. preferably, .n the range of 

[0^8] 2 %escription wHl'oe given of the filler layer 12 underlying the front surface protective sheet in accordance with 
he present invention included in the solar battery module. The filler layer 1 2 must be transparent to transmit and absorb 
ncident sunfight and must be adhesive to the front surface protective sheet. The filler .ayer 12 must be hermop ast.c 
tokeept^ 

and impact absorbing property to protect the solar cells, i.e. , photovoltaic cells. 

[0109] Materials suitable for forming the filler layer 12 are. for example, fluorocarbon res.ns. ethylene-v.ny acetate 
copo.ymers, ionomers. ethy.ene-acry.ic acid or -methacry.ic acid copo.ymers. polyethylene resins. PO'^opytene ^res- 
ins acid-modified polyolefin resins produced by modifying polyolefin resins, such as polyethylene resins or polypro- 
pylene resins by unsaturated carboxylic acid, such as acrylic acid, itaconic acid, male.c acid or fumanc acd, polyv.nyl 
butyral resins, silicone resins, epoxy resins, (meta)acrylic resins, and mixtures of some of those resins. 
[0110] The resin forming the filler layer 12 may contain additives including a crosslinking agent, a thermal oxjahon 
nhibitor, a light stabilizer, an ultraviolet absorber and a photooxidation inhibitor by an amount that w.ll not affect ad- 
versely to the transparency of the resin to improve the weather-resistant properties includ.ng heat res.stance. I.ght 

resistance and water resistance. . , , . 

[01111 From the viewpoint of ensuring weather-resistant properties including light res.stance, heat resistance and 
water resistance, desirable materials for forming the filler layer on the sunlight receiving side are fluorocarbon resms 
and ethylene-vinyl acetate resins. ,, ^ „„ f „K,->..i 

[0112] The thickness of the filler layer is in the range of about 200 to about 1000pm. preferably, in the range of about 

350 to about 600 urn. ., . „ . ,. 

[01131 The solar cells 13, i.e., photovoltaic cells, of the solar battery module will be descnbed. The solar cells 13 
may be known solar cells, such as crystalline silicon solar cells, polycrystalline silicon solar cells, amorphous s.l.con 
solar cells, copper-indium-selenide solar cells, compound semiconductor solar cells and the hke. 
[0114] The present invention may employ polycrystalline silicon thin-film solar cells, microcrystall.ne s.l.con th.n-fi m 
solar cells hybrid solar cells formed by combining crystalline silicon thin-film solar cells and amorphous s.licon solar 
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cells. 

[0115] The filler layer 14 underlying the solar cells of the solar battery module will be described. The filler layer 14, 
similarly to the filler layer 12 underlying the front surface protective sheet, must be adhesive to the back surface pro- 
tective sheet. The filler layer 14 must be thermoplastic to keep the surfaces of the solar cells, i.e., photovoltaic cells, 
5 flat and smooth and must be excellent in scratch resistance and impact absorbing property to protect the solar cells, 
i.e., photovoltaic cells. 

[0116] Differing from the filler layer 12 underlying the front surface protective sheet, the filler layer 14 underlying the 
solar cells of the solar battery module need not necessarily be transparent. 

[0117] The filler layer 14, similarly to the filler layer 12 underlying the front surface protective sheet, may be formed 
10 of one of materials including fluorocarbon resins, ethylene-vinyl acetate copolymers, ionomers, ethylene-acrylic acid 
or -methacrylic acid copolymers, polyethylene resins, polypropylene resins, acid-modified polyolefin resins produced 
by modifying polyolefin resins, such as polyethylene resins or polypropylene resins, by unsaturated carboxylic acid, 
such as acrylic acid, itaconic acid, maleic acid or fumaric acid, polyvinyl butyral resins, silicone resins, epoxy resins, 
(meta)acrylic resins, and mixtures of some of those resins. 
*5 [0118] The resin forming the filler layer 14 may contain additives including a crosslinking agent, a thermal oxidation 
inhibitor, a light stabilizer, an ultraviolet absorber and a photooxidation inhibitor by an amount that will not affect ad- 
versely to the transparency of the resin to improve the weather-resistant properties including heat resistance, light 
resistance and water resistance. 

[0119] The thickness of the filler layer is in the range of about 200 to about 1000 u.m, preferably, in the range of about 
20 350 to about 600 u.m. 

[0120] An ordinary back surface protective sheet included in a solar battery module will be described. The back 
surface protective sheet must be an insulating resin film or sheet. The back surface protective sheet must be satisfactory 
in weather-resistant properties including heat resistance, light resistance and water resistance, must be excellent in 
chemical or physical strength and toughness, and must be excellent in scratch resistance and impact absorbing property 

25 for the protection of solar cells as photvoltaic cells. 

[0121] Films or sheets of various resins including polyamide resins (nylons), polyester resins, polyethylene resins, 
polypropylene resins, cyclic polyolefin resins, polystyrene resins, polycarbonate resins, acetal resins, cellulose resins 
(meta)acrylic resins and fluorocarbon resins are possible materials for the protective sheet. 
[0122] The films or sheets of those resins may be uniaxially or biaxially oriented films or sheets. 

30 [0123] The thickness of the films or sheets is in the range of about 12 to about 200 u.m, preferably, in the range of 
about 25 to about 150 p,m. 

[01 24] The solar battery module of the present invention may be provided with an additional weather-resistant sheet 
for the improvement of the strength, weather resistance, scratch resistance and the durability of the solar battery mod- 
ule. Possible materials for forming the additional weather-resistant sheet are, for example, low-density polyethylenes, 

35 medium-density polyethylenes, high-density polyethylenes, linear low-density polyethylenes, polypropylenes, ethyl- 
ene-propylene copolymers, ethylene-vinyl acetate copolymers, ionomers, ethylene-ethyl acrylate copolymers, ethyl- 
ene-acrylate or -methacrylate copolymers, methyl pentene polymers, polybutene resins, polyvinyl chloride resins, pol- 
yvinyl acetate resins, polyvinylindene chloride resins, vinyl chloride-vinylidene chloride copolymers, poly(meta)acrylic 
resins, polyacrylonitrile resins, polystyrene resins, acrylonitrile-styrene copolymers (AS resins), acrylonitrile-butadiene- 

40 styrene copolymers (ABS resins), polyester resins, polyamide resins, polycarbonate resins, polyvinyl alcohol resins, 
saponified ethylene-vinyl acetate copolymers, fluorocarbon resins, diene resins, polyacetal resins, polyurethane resins, 
nitrocellulose, polymers obtained by the polymerization of cyclopentadiene, cyclopentadiene derivatives, dicyclopen- 
tadiene, dicyclopentadiene derivatives, cyclohexadiene, cyclohexadiene derivatives, norbornadiene, norbornadiene 
derivatives and cyclic dienes, transparent cyclic polyolefin resins produced by the copolymerization of the cyclic diene, 

45 and one or some of olefin monomers including ethylene, propylene, 4-methyl-1 -pentene, styrene, butadiene, isoprene 
and the like, and other known resins. The additional weather-resistant sheet may be disposed on the deposited inor- 
ganic oxide thin film. 

[0125] The films or sheets of those resins may be nonoriented, uniaxially oriented or biaxially oriented. 
[0126] There is no restriction on the thickness of those films or sheets; the thickness of the films or sheets may be 
50 in the range of several micrometers to about 300 urn. 

[0127] The films or sheets may be extruded films, blown films or coating films. 

[0128] A method of fabricating the solar battery module in accordance with the present invention using the foregoing 
materials will be described hereinafter. The method of fabricating the solar battery module uses the protective sheet 
in accordance with the present invention for a solar battery module as the front surface protective sheet or the back 
55 surface protective sheet of the solar battery module. The solar battery module is fabricated by superposing the pro- 
tective sheet, the filler layer, a photovoltaic layer of the solar cells, i.e., photovoltaic cells, the filler layer and a generally 
known back surface protective sheet in that order in a superposed structure, and subjecting the superposed structure 
to a generally known forming process, such as a lamination process, in which those component layers of the superposed 
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structure are brought into close contact by vacuum and are bonded together by hot pressing. The dep ositec "™9*™ 
oxide thin film of the front surface protective sheet faces inside. When necessary, other layers are interposed between 
those component layers. jt ... ^ Mn 

101 29] When necessary, layers of a hot-melt adhesive, a solvent adhesive, a photocurable adhes.ve or the like con- 
taining a (meta)acrylic resin, an olefin resin, a vinyl resin or the like as a principal component of its veh.cle may be 
formed between the component layers to enhance the adhesion between the adjacent component layers. 
[0130] When necessary, the contact surfaces of the adjacent component layers may be pretreated by a pretreatment 
process such as a corona discharge process, ozonizing process, a low-temperature plasma process us,ng oxygen 
gas or nitrogen gas, an atmospheric pressure plasma process, glow discharge process, an oxidation process using a 
chemical or the like to enhance the adhesion between the contact surfaces. 

[01 31 1 A pretreatment layer of a primer, an undercoating material, an adhesive or an anchoring agent or the hke may 
be formed on the contact surfaces of the adjacent component layers for a surface pretreatment process 
[0132] The pretreatment layer may be formed of a resin compound containing as a princpal component of >ts vehicle 
one of resins including, for example, polyester resins, polyamide resins, polyurethane resins, epoxy resins, phenol.c 
resins, (meta)acrylic resins, polyvinyl acetate resins, polyolefin resins, such as polyethylene resins or polypropylene 
resins copolymers or modifications of polyolefin resins and cellulose resins. 

[0133] The coating layer may be formed of a coating material of a solvent type, an aqueous type or an emulsion type 
by a roll coating process, a gravure coating process, a kiss-roll coating process or the like. 

[0134] The surface pretreatment process may form a deposited inorganic oxide thin film of a thickness in the range 
of about 20 to about 1 00 A. preferably, in the range of about 30 to 60 A not having barrier effect to improve the adhesion 
between the adjacent component layers by a process similar to the foregoing process for forming the deposited inor- 
ganic oxide thin film. 

Examples 

[0135] Examples of the first embodiment will be described hereinafter. 

EXAMPLE 1 

[0136] 

(1) A roll of a 50 pm thick polyvinyl fluoride sheet (PVF sheet), i.e., base sheet, was mounted on a feed roll of a 
continuous vacuum evaporation system. The polyvinyl fluoride sheet was unwound and wound around a coating 
drum and a 500 A thick deposited aluminum oxide thin film was deposited on a treated surface of the polyvinyl 
fluoride sheet treated for adhesion improvement by a reactive vacuum evaporation process of an electron beam 
(EB) heating system. Aluminum was used as an evaporation source and oxygen gas was supplied to the continuous 
vacuum evaporation system. 

Deposition conditions: 

Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5X10" 6 mbar 

Vacuum in deposition chamber: 2.1 X10" 6 mbar 

EB power: 40 kW 

Sheet moving speed: 600 m/min 

(2) A protective sheet in accordance with the present invention for a solar battery module was completed by sub- 
ecting the 500 A thick deposited aluminum oxide thin film formed on the surface of the polyvinyl fluonde sheet to 
a glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma process was 
carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output immediately after the 
deposition of the 500 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, an oxygen/ 
argon mixed gas of 19/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/argon mixed gas is main- 
tained at 6x 10" 5 torr and the processing speed was 420 m/min. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated. The protective sheet a 
400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 pm thick biaxially oriented polyethylene terephthalate 
film provided with an array of amorphous silicon solar cells, a 400 pm thick ethylene-vinyl acetate copolymer sheet 
and a 50 pm thick biaxially oriented polyethylene terephthalate film were superposed in that order with the plasma- 
processed deposited aluminum oxide thin film facing inside and the surface of the 38 pm thick biax.ally oriented 
polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front surface 
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protective sheet. Those component layers were laminated by using adhesive layers of an acrylic resin to complete 
a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of 
5 an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 jam thick polyvinyl fluoride sheet 

(PVF sheet). 

EXAMPLE 2 

10 [0137] 

(1 ) A roll of a 50 u.m thick polyvinyl fluoride film (PVF film), i.e., base sheet, was mounted on a feed roll of a plasma 
chemical vapor deposition system. A 500 A thick deposited silicon oxide thin film was deposited on a treated 
surface of the polyvinyl fluoride film treated for adhesion improvement under the following conditions. 

Deposition conditions: 

Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 1/10/10 (Unit: slm) 
Vacuum in vacuum chamber: 5.0 x10" 6 mbar 
Vacuum in deposition chamber: 6.0x1 0 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
Film moving speed: 80 m/min 

Surface for vapor deposition: Corona-processed surface 

(2) A protective sheet in accordance with the present invention for a solar battery module was completed by sub- 
jecting the 500 A thick deposited silicon oxide thin film formed on the surface of the polyvinyl fluoride film to a 
corona discharge process to form a corona-processed surface and to increase the surface tension of the deposited 
silicon oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet was moved at 
a moving speed of 100 m/min. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u,m thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u,m 
thick ethylene-vinyl acetate copolymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the corona-processed deposited silicon oxide thin film facing inside and the 
surface of the 38 u,m thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet. Those component layers were laminated by using 
adhesive layers of an acrylic resin to complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 u^m thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 u.m thick polyvinyl fluoride sheet 
(PVF sheet). 

EXAMPLE 3 

[0138] 

45 

(1) A roll of a 50 ^m thick polyvinyl fluoride film (PVF film) containing an ultraviolet absorber was mounted on a 
feed roll of a plasma chemical vapor deposition system. A 500 A thick deposited silicon oxide thin film was deposited 
on a treated surface of the polyvinyl fluoride film treated for adhesion improvement under the following conditions. 
Deposition conditions: 

50 

Reaction gas mixing ratio: Hexamethyldisitoxane/oxygen/helium = 1/10/10 (Unit: slm) 
Vacuum in vacuum chamber: 5.0x10* 6 mbar 
Vacuum in deposition chamber: 6.0x1 0' 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
55 Film moving speed: 80 m/min 

Surface for deposition: Corona-processed surface 

The surface of the 500 A thick deposited silicon oxide thin film formed on the polyvinyl fluoride film was sub- 
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jected to a corona discharge process to form a corona-processed surface to increase the surface tension of the 
deposited silicon oxide thin f.lm from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet was 
moved at a moving speed of 100 m/min. 

(2) A roll of the polyvinyl fluoride f.lm provided with the corona-processed deposited silicon oxide thin film was 
mounted on a feed roll of a continuous vacuum evaporation system. The polyvinyl fluoride film was unwound and 
wound around a coating drum and a 500 A thick deposited aluminum oxide thin film was deposited on the corona- 
processed surface of the deposited silicon oxide thin film formed on the polyvinyl fluoride film by a reactive vacuum 
evaporation process of an electron beam (EB) heating system. Aluminum was used as an evaporation source and 
oxygen gas was supplied to the continuous vacuum evaporation system. 
Deposition conditions: 

Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5x1 0" 6 mbar 

Vacuum in deposition chamber: 2.1 x10 6 mbar 

EB power: 40 kW 

Film moving speed: 600 m/min 

A protective sheet in accordance with the present invention for a solar battery module was completed by 
subjecting the 500 A thick deposited aluminum oxide thin f.lm formed on the surface of the polyvinyl fluoride sheet 
to a glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma process 
was carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output immediately after 
the deposition of the 500 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, an 
oxygen/argon mixed gas of 19/1 in CyAr ratio was supplied so that the pressure of the oxygen/argon mixed gas 
is maintained at 6x 1 0" 5 torr and the processing speed was 420 m/min. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet The protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 pm thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 pm thick ethylene- 
vinyl acetate copolymer sheet and a 50 pm thick biaxially oriented polyethylene terephthalate film were superposed 
in that order with the plasma-processed deposited aluminum oxide thin film facing inside and the surface o the 
38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front 
surface protective sheet. Those component layers were laminated by using adhesive layers of an acrylic resm to 
complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of he 
same components were fabricated by the same processes, except that a 50 pm thick fluorocarbon resin , sheet .of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 pm thick polyvinyl fluoride film (PVF 
film). 



EXAMPLE 4 



[0139] 



(1) Protective sheets that are the same as the protective sheet in Example 1 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, 
a 38 pm thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells a400 pm thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the plasma-processed deposited aluminum oxide thin films of the front surface and the back surface protective 
sheet facing inside and with the surface of the 38 pm thick polyethylene terephthalate film provided with the solar 
cells facing the front surface protective sheet, and laminating those component layers by using adhesive layers 

of an acrylic resin. , , 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 50 pm thick fluorocarbon resin sheets of an 
ethylene-tetrafluoroethylene copolymer (ETFE) were used instead of the 50 pm thick polyvinyl fluor.de sheets 
(PVF sheet). 
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EXAMPLE 5 
[0140] 

5 (1) Protective sheets that are the same as the protective sheet in Example 2 were used as the front surface pro- 

tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, 
a 38 nm thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 u.m thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 

10 with the plasma-processed deposited silicon oxide thin films of the front surface and the back surface protective 

sheet facing inside and with the surface of the 38 u.m thick polyethylene terephthalate film provided with the array 
of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers 
by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
is components were fabricated by the same processes, except that 50 urn thick fluorocarbon resin sheets of an 

ethytene-tetrafluoroethylene copolymer (ETFE) were used instead of the 50 pm thick polyvinyl fluoride sheets (PVF 
sheet). 

EXAMPLE 6 

20 

[01411 

(1) Protective sheets that are the same as the protective sheet in Example 3 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 

25 ricated by superposing the front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, 

a 38 |±m thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 ^im thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the plasma-processed deposited aluminum oxide thin films of the front surface and the back surface protective 
sheet facing inside and with the surface of the 38 u.m thick polyethylene terephthalate film provided with the array 

30 of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers 

by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 50 fim thick fluorocarbon resin sheets of an 
ethylene-tetrafluoroethylene copolymer (ETFE) containing an ultraviolet absorber were used instead of the 50u.m 

35 thick polyvinyl fluoride sheets (PVF sheet) containing the ultraviolet absorber. 

EXAMPLE 7 
[0142] 

40 

(1 ) A protective sheet that is the same as the protective sheet in Example 1 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 3 mm thick glass sheet, 
a 400 nm thick ethylene-vinyl acetate copolymer sheet, a 38|im thick biaxially oriented polyethylene terephthalate 
film provided with an array of amorphous silicon solar cells, a 400 jam thick ethylene-vinyl acetate copolymer sheet 

45 and the back surface protective sheet in that order with the plasma-processed deposited aluminum oxide thin film 

of the back surface protective sheet facing inside and with the surface of the 38p.m thick polyethylene terephthalate 
film provided with the array of amorphous silicon solar cells facing the 3 mm thick glass sheet, and laminating 
those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
so components were fabricated by the same processes, except that a 50 jim thick fluorocarbon resin sheet of an 

ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50jim thick polyvinyl fluoride sheet (PVF 
sheet). 

EXAMPLE 8 

55 

[0143] 

(1 ) A protective sheet that is the same as the protective sheet in Example 2 was used as the back surface protective 
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sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 urn th.ck polyvinyl 
fluoride shett (PVF sheet), a 400 urn thick ethy.ene-viny. acetate copolymer sheet, a 38 pm thick b.ax.a.ly onented 
po ^ethylene terephtha.ate film provided with an array of amorphous silicon solar ceils, a 400 pm th.ck ethylene- 
v^yflcetate copolymer sheet and the back surface protective sheet in that order w.th , the «««a^o««ed J»- 
posited silicon oxide thin fi.m of the back surface protective sheet facing inside and w.th the ^surface of 38pm 
thick polyethylene terephthalate film provided with the array of amorphous s.l.con solar cells fac.ng the 50pm th.ck 
SE* fluoride sheet, and laminating those component layers by using adhesive layers of an acryhc res.a 
(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 50 pm th.ck fluorocarbon e*n .she t of an 
ethyfene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 pm th.ck po.yv.nyl fluor.de sheet (PVF 



sheet). 
EXAMPLE 9 
[01441 



(1) A protective sheetthat is the same as the protective sheet in Example 3 was used as the back surface^ p^ ecfive 
sheet of a solar battery module. The solar battery module was fabricated by superpos.ng a 50 pm th.ck polyvinyl 
fluoride sheet ( PVF sheet), a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 pm th.ck b.ax.ahy onented 
poCtbylene terephthalate fi.m provided with an array of amorphous silicon solar cells, a 400 pm th.ck ethy.ene- 
Kfacite copolymer sheet and the back surface protective sheet in that order ^^*-™*"^ 
deposited aluminum oxide thin film of the back surface protective sheet facing ins.de and -^ ^e surface of the 
38 um thick polyethylene terephthalate film provided with the array of amorphous s.l.con solar cells fac.ng the 50 
pm tWck polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acryhc 



2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 50 pm thick fluorocarbon res. .sheet of an 
ethyiene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 pm th.ck polyv.nyl fluor.de sheet (PVF 



sheet). 
EXAMPLE 10 



[0145] 



(1 ) A roll of a 50 pm thick fluorocarbon resin sheet of a ethyiene-tetrafluoroethylene copolymer (ETFE) was mounted 
on a feed roll of a plasma chemical vapor deposition system. A 50 A thick depos.ted s.l.con ox.de th.n film as a 
surface layer was deposited on a treated surface of the fluorocarbon resin sheet treated for adhes.on .mprovement 
i mrW the same conditions as those in Example 2. 

Suosequent; a 800 A thick deposited silicon oxide thin film was formed on the surface layer by the same 
process as that in Example 2. The surface of the 800 A thick deposited silicon ox.de th.n film was subjected to the 
sa^ne corona discharge process as in Examp.e 2 to increase the surface tension of the same from 35 dyne to 60 
dynTand to form a protective sheet having a corona-processed surface in accordance with the present .nvent.on 

I?) A Sa: battery molt was fabricated by using the protective sheet thus fabricated as a *""^>>^ 
sheet The front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 pm th.ck 
Sally oriented po.yethy.ene terephtha.ate film provided with an array of amorphous silicon solar ce.^a 400pm 
0** ethylene-vinyl acetate copolymer sheet and a 50 pm thick biaxially oriented polyethylene terephtha.ate film 
wfe supposed in that order with the corona-processed deposited silicon oxide thin film fac.ng .ns.de and he 
^rfai oTtheS thick biaxially oriented po.yethy.ene terephtha.ate film provided with the solar cells fac.ng the 
front surface protective sheet. Those component layers were laminated by using adhesive layers of an acryhc res.n 

to complete a solar battery module. 

(3) Another protective sheet in accordance with the present invention and another solar ba Jen. modu, o Uhe 
same components were fabricated by the same processes, except that a 50 pm th.ck polyv.nyl fluo .de sheet (PVF 
sheet) waTused instead of the 50 pm thick fluorocarbon resin sheet of an ethy.ene-tetrafluoroethy.ene copo.ymer 
(ETFE). 
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EXAMPLE 11 
[0146] 

5 (1) Protective sheets that are the same as the protective sheet in Example 10 were used as the front surface 

protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was 
fabricated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer 
sheet, a 38 um thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon 
solar cells, a 400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that 

10 order with the corona-processed deposited silicon oxide thin films of the front surface and the back surface pro- 

tective sheet facing inside and with the surface of the 38 um thick polyethylene terephthalate film provided with 
the array of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component 
layers by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
15 components were fabricated by the same processes, except that 50 um thick polyvinyl fluoride sheets (PVF sheets) 

were used instead of the 50 um thick fluorocarbon resin sheets of an ethylene-tetrafluoroethylene copolymer (ET- 
FE). 

COMPARATIVE EXAMPLE 1 

20 

[0147] A solar battery module was fabricated by superposing a 3 mm thick glass sheet, i.e., base sheet, as a back 
surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick biaxially oriented pol- 
yethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene-vinyl 
acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film in that order with the 
25 surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 
the 50 um thick biaxially oriented polyethylene terephthalate film, and laminating those component layers by using 
adhesive layers of an acrylic resin. 

COMPARATIVE EXAMPLE 2 

30 

[0148] A solar battery module was fabricated by superposing a 50 urn thick polyvinyl fluoride sheet (PVF sheet), i. 
e., base sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um 
thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 
um thick ethylene-vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film 
35 in that order with the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the 50 um thick polyvinyl fluoride sheet, and laminating those component layers by using 
adhesive layers of an acrylic resin. 

COMPARATIVE EXAMPLE 3 

40 

[0149] A solar battery module was fabricated by superposing a 50 um thick polyvinyl fluoride sheet (PVF sheet), i. 
e., base sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um 
thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 
um thick ethylene-vinyl acetate copolymer sheet and a 50 um thick polyvinyl fluoride sheet (PVF sheet) as a back 
45 surface protective sheet in that order with the surface of the 38 um thick polyethylene terephthalate film provided with 
the array of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component 
layers by using adhesive layers of an acrylic resin, and laminating those component layers by using adhesive layers 
of an acrylic resin. 

50 EXPERIMENTS 

[0150] The protective sheets in Examples 1 to 11 of the present invention and those in Comparative examples 1 to 
3 were subjected to total transmittance measurement. The solar battery modules in Examples 1 to 11 and Comparative 
examples 1 to 3 were subjected to solar battery module evaluation tests. 

55 

(1) Total Transmittance Measurement 

[0151] Total transmittance (%) of each of the protective sheets in Examples 1 to 11 and Comparative examples 1 to 
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3 against the total transmittal of the base sheet as a reference total transmittance was measured by a color computer. 



(2) Solar Battery Module Evaluation Tests 

[01521 The solar battery modules were subjected to environmental tests in conformity to conditions specified in JIS 
C8917-1989. Photovoltaic output of the solar battery modules was measured before and after env.ronmental tests. 

(3) Moisture Permeability and Oxygen Permeability 

[0153] The moisture permeabilities of the protective sheets in Examples 1 to 11 and Comparative examples 1 to 3 
were measured in an atmosphere of 40° C and 90% RH by a moisture permeability measuring apparatus (PERMAT- 
RAN MOCON USA) The oxygen permeabilities of the protective sheets in Examples 1 to 11 and Comparative ex- 
amples 1 to 3 were measured in an atmosphere of 23° C and 90% RH by an oxygen permeability measuring apparatus 
(OXTRAN, MOCON, USA). Measured data is tabulated in Table 1-1. 



45 



50 



55 



TO 






Table 1-1 










Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen permea- 
Bility (cc/m 2 /24hr/ 
atm) 


Output reduction 
Ratio (%) 


20 


Example 1 


93 


0.9 


1.1 


3 




Example 2 


92 


0.6 


0.5 


2 




Example 3 


93 


0.6 


0.7 


2 


25 


Example 4 


93 


0.9 


1.1 


1 




Example 5 


92 


0.6 


0.4 


1 




Example 6 


93 


0.6 


0.7 


1 




Example 7 


93 


0.9 


1.1 


2 


30 


Example 8 


92 


0.6 


0.5 


5 




Example 9 


93 


0.6 


0.7 


5 




Example 10 


91 


0.1 


0.4 


1 


35 


Example 11 


91 


0.1 


0.3 


1 




Comparative 
Example 1 


89 


25.0 


80.0 


18 


40 


Comparative 
Example 2 


93 


27.0 


28.0 


15 




Comparative 
Example 3 


93 


27.0 


28.0 


12 



[0154] In table 1-1. moisture permeability is expressed in a unit of g/m2/day-40° c-100% RH (relative humidity), and 
oxvqen permeability is expressed in a unit of cc/m 2 /day-23° c-90% RH. 

[01 55] As obvious from Table 1-1 , the protective sheets in Examples 1 to 11 have high total transm.ttances. respec- 
tively and are excellent in moisture impermeability and oxygen impermeability. 

[01 56] The output reduction ratios of the solar battery modules employing the protective sheets in Examples 1 to 11 
were low 

[0157] The protective sheets in Comparative examples 1 to 3 had high total transmittances, respectively. However, 
the moisture impermeabilities and the oxygen impermeabilities of the protective sheets in Comparative examples 1 to 
3 were low. Consequently, the output reduction ratios of the solar battery modules employing the protective sheets .n 
Comparative examples 1 to 3 were high. „i.—t= 
[01 58] As apparent from the foregoing description, the present invention takes notice of the propert.es of glass sheets 
that are used as the front surface protective sheets of solar battery modules, uses a fluorocarbon resin sheet as a base 
sheet fabricates a protective sheet for a solar battery module by forming a transparent, vitreous deposited inorganic 
oxide 'thin film, such as a silicon oxide thin film or an aluminum oxide thin film, on one of the surfaces of the fluorocarbon 
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resin sheet; the protective sheet thus fabricated is used as the front surface protective sheet or the back surface 
protective sheet of a solar battery module; the solar battery module is fabricated by, for example, superposing the 
protective sheet as a front surface protective sheet, a filler layer, a film provided with solar cells, i.e., photovoltaic cells, 
a filler layer and an ordinary back surface protective sheet for a solar battery module in that order in a superposed 

5 structure with the deposited inorganic oxide thin film facing inside, bringing the component layers of the superposed 
structure into close contact by vacuum and bonding together those component layers by a lamination process using 
hot pressing; and the protective sheet transmits sunlight at a high transmittance, is excellent in strength, weather 
resistance, heat resistance, water resistance, light resistance, wind endurance, hailstorm resistance, chemical resist- 
ance, moisture resistance and soil resistance, has a high impermeability to moisture and oxygen, limits performance 

10 degradation due to aging to the least extent, very durable, has excellent protective ability, and can be used for the 
stable fabrication of a low-cost, safe solar battery module. 

[0159] Other examples of the present invention and comparative examples will be described hereinafter. 
EXAMPLE 12 

15 

Front Surface Protective Sheet 

[0160] A transparent 25 um thick ETFE film was used as a weather-resistant film. A 500 A thick silicon oxide (SiO x ) 
thin film (gas-barrier layer) was deposited on one surface of the ETFE film by a PE-CVD process. A front surface 
20 protective sheet in Example 1 was fabricated by forming a 250 u,m thick adhesive layer of a composite material prepared 
by homogeneously mixing 100 parts by weight of an ethylene-vinyl acetate copolymer having a vinyl acetate content 
of 35% by weight, 2 parts by weight of a crosslinking agent (DCP: dicumylperoxide) and 3 parts by weight of ultraviolet 
absorber (2,4-dihydroxybenzophenone) at 110° C on the ETFE film by a calender coating process. 

25 Back Surface Protective Sheet 

[0161] Two white 38 um thick PVF films and a 20 u.m thick aluminum foil (gas barrier layer) were laminated by a dry 
lamination process to form a laminated structure of (38 fim thick white PVF flim)/(20 u.m thick aluminum foil)/(38 u.m 
thick white PVF film). A back surface protective sheet in Example 1 was fabricated by forming a 250 u,m thick composite 
30 resin layer of a composite material prepared by homogeneously mixing 1 00 parts by weight of an ethylene-vinyl acetate 
copolymer having a vinyl acetate content of 35% by weight, 1 part by weight of a crosslinking agent (DCP: dicumilp- 
eroxyd), 2 parts by weight of ultraviolet absorber (2,4-dihydroxybenzophenone) and 25 parts by weight of titanium 
oxide (white pigment) at 120° C on the ETFE film by a calender coating process. 

35 EXAMPLE 13 

Front Surface Protective Sheet 

[0162] A transparent 25 urn thick PVF film was used as a weather-resistant film. A 400 A thick aluminum oxide thin 
40 film (gas-barrier layer) was deposited on one surface of the PVF film by a PVD process. A coating liquid of an inorganic- 
organic hybrid material prepared by mixing 5 parts by weight of tetraethoxysilane and 95 parts by weight of an ethylene- 
vinyl alcohol copolymer was applied in a coating layer of 3 g/m 2 to the aluminum oxide thin film by a gravure coating 
process, and the coating layer was hot-dried to complete a composite gas-barrier layer. A 200 u,m thick adhesive layer 
was formed on the composite gas-barrier layer by extruding a composite resin prepared by homogeneously mixing 
45 100 parts by weight of an ethylene-vinyl acetate having a vinyl acetate content of 30% by weight, 1 .5 parts by weight 
of a TBPH (2,5-dimethyl-2,5-di(t-butylperoxy)hexane), i.e., a crosslinking agent, 2 parts by weight of TAC (triallylcya- 
nurate), i.e., a crosslinking auxiliary, and three parts by weight of silane coupling agent at 110° C on the composite 
gas-barrier layer by an extrusion coating process to complete a front surface protective sheet in Example 2 for a solar 
battery module. 

50 

Back Surface Protective Sheet 

[0163] Two white 25 u.m thick weather-resistant polyethylene terephthalate films (hereinafter referred to as "white 
weather-resistant PET films^and a 20 um thick aluminum foil (gas barrier layer) were laminated by a dry lamination 
55 process to form a laminated structure of (25 um thick white weather-resistant PET film)/(20 um thick aluminum foil)/ 
(25 um thick white weather-resistant PET film). A 200 um thick adhesive layer of a composite material prepared by 
homogeneously mixing 100 parts by weight of an ethylene-vinyl acetate copolymer having a vinyl acetate content of 
30% by weight, 1.5 part by weight of a TBPH (2,5-dimethyl-2,5-di(t-butylperoxy)hexane), i.e., a crosslinking agent, 1.5 
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parts by weight of TAG (triarylcyanurate). i.e., a crosslink^ auxi.iary, and 2 parts by weight of silane » couplmg agent 
at 110° C was formed on one surface of the laminated structure by an extrusion coatmg process to complete a back 
surface protective sheet in Example13 for a solar battery module. 

COMPARATIVE EXAMPLE 4 

Front Surface Protective Sheet 

[0164] A front surface protective sheet in Comparative example 4 is the same as the front surface protective sheet 
in Example 12. except that the deposited silicon oxide (SiO x ) thin film, i.e., a gas-barrier layer, .s om.tted. 

Back Surface Protective Sheet 

[01651 A back surface protective sheet in Comparative example 4 is the same as the back surface protective sheet 
in Example 1 2, except that the aluminum foil sandwiched between the two white PVF films is omitted. 

Tests and Test Results 

[0166] The front surface protective sheets and the back surface protective sheets in Examples 12 and J3 _and; Com- 
parative example 4 for solar battery modules were subjected to the following tests. Test results are tabulated >n Tables 
1-2 and 1-3. 

(1) Moisture permeabilities in an atmosphere of 40° C and 90% RH and oxygen permeabilities in an atmosphere 
of 25° C and 100% RH of the protective sheets were measured by a moisture permeab.hty measuring apparatus 
(MOCON PERMATAN, Modern Control) and an oxygen permeability measuring apparatus (MOCON OXTKAN, 
Modern Control). Measured data is shown in Table 1-2. 

Table 1-2 



Test Sample 


Moisture permeability (g/ 
m 2 /24hr) 


Oxygen permeability (cc/ 
m 2 /24hr/atm) 


Example 12 I 


Front surface protective 
film 


0.9 


1.1 




Back surface protective 
film 


^0.1 


=§0.1 


Example 13 


Front surface protective 
film 


0.2 


0.4 




Back surface protective 
film 


SS0.1 


^0.1 


Comparative Example 4 


Front surface protective 
film 


18 


43 




Back surface protective 
film 


4.9 


5.2 



In table 1-2, moisture permeability is expressed in a unit of gArf-atm-day, and oxygen permeability is expressed 

r2) a S^a^ 2 'mo r ou C les in Examples 12 and 13 and Comparative example 4 were fabricated by <^ning »» 
front surface protective sheets and the back surface protective sheets in Examples 12 and 13 and Comparative 
example 4 with solar batteries employing a microcrystalline silicon thin film formed by a PE-CVD process by a 
vacuum lamination process. The solar battery modules were subjected to tests to evaluate their Performance .and 
long-term stability, in which photoelectric conversion efficiency „ (%) and fill factor (FF) were measured in an in.tial 
state and in a state after irradiation with 1 sun, at 50° C for 2000 hr. Measured data is tabulated in Table 1-3. 
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Table 1-3 





Characteristic of solar battery 




Initial state 


State after exposure to 1 sun, 50°C, 2000hr 




Conversion efficiency t| (%) 


FF 


Conversion efficiency r\ (%) 


FF 


Example 12 


10.5 


0.75 


10.3 


0.73 


Example 13 


10.4 


0.75 


10.4 


0.75 


Comparative Example 4 


10.5 


0.75 


9.0 


0.65 



[0167J As obvious from the measured data shown in Tables 1-2 and 1-3, the protective sheets in Examples 12 and 
13, which comprise the gas-barrier layer in addition to the weather-resistant film and the adhesive layers, are excellent 
in strength, weather resistance and heat resistance, have very smatl moisture permeabilities and oxygen permeabilities, 
respectively, and are highly gas-impermeable. 

[0168] The solar battery modules in Examples 12 and 13 fabricated by sandwiching the microcrystalline silicon thin 
film, which deteriorates easily in an atmosphere containing moisture or oxygen, between the protective sheets in Ex- 
ample 12 or 13 maintains satisfactory photoelectric conversion efficiency and FF after being irradiated by 1 sun at 50° 
C for 2000 hr. Thus, the solar battery modules in Examples 12 and 13 are excellent in long-term stability. 



SECOND EMBODIMENT 



[0169] Protective sheets for solar battery modules, and solar battery modules in a second embodiment according to 
25 the present invention will be described with reference to Figs. 1 to 9 which have been used for describing the first 
embodiment. 

[0170] Referring to Fig. 1, a protective sheet A in accordance with the present invention for a solar battery module 
has a basic structure constructed by forming a deposited inorganic oxide thin film 2 on one of the surfaces of a weather- 
resistant sheet 1 of a cyclic polyolefin resin. 
30 [0171] As shown in Fig. 3, a protective sheet A-, in an example of the present invention for a solar battery module is 
formed by forming a multilayer film 4 consisting of at least two deposited inorganic oxide thin films 2 on one of the 
surfaces of a cyclic polyolefin resin sheet 1 . 

[01 72] As shown in Fig. 4 a protective sheet A 3 in another example of the present invention for a solar battery module 
comprises a cyclic polyolefin resin sheet 1 and a composite film 5 formed on one of the surfaces of the cyclic polyolefin 
35 resin sheet 1. The composite film 5 consists of a first deposited inorganic oxide thin film 2a formed on one of the 
surfaces of the cyclic polyolefin resin sheet 1 by a chemical vapor deposition process, and a second deposited inorganic 
oxide thin film 2b of an inorganic oxide different from that of the first deposited inorganic oxide film 2a, formed on the 
first deposited inorganic oxide thin film 2a by a physical vapor deposition process. 

[0173] Those protective sheets are only examples of the protective sheet in accordance with the present invention 
40 and the present invention is not limited thereto. 

[0174] For example, in the protective sheet A 3 shown in Fig. 4, a deposited inorganic thin film may be formed first 
on the surface of the cyclic polyolefin resin sheet 1 a physical vapor deposition process, and then another deposited 
inorganic oxide thin film may be formed by a chemical vapor deposition process. 

[0175] A solar battery module employing this protective sheet A embodying the present invention and shown in Fig. 

45 1 will be described by way of example. Referring to Fig. 5, a solar battery module T employs the protective sheet A 
shown in Fig. 1 as its front surface protective sheet 11 (A). The solar battery module T is fabricated by superposing 
the protective sheet 11 (A), a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and a generally known 
back surface protective sheet 15 in that order in a superposed structure, and subjecting the superposed structure to 
a generally known forming process, such as a lamination process, in which those component layers of the superposed 

50 structure are brought into close contact by vacuum and are bonded together by hot pressing. The deposited inorganic 
oxide thin film 2 of the protective sheet 11 faces inside. 

[0176] Another solar battery module T 1 shown in Fig. 6 employs the protective sheet A shown in Fig. 1 as its back 
surface protective sheet 16. The solar battery module T t is fabricated by superposing a generally known front surface 
protective sheet 17, a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and the protective sheet 16 
55 (A) in that order in a superposed structure, and subjecting the superposed structure to a generally known forming 
process, such as a laminating process, in which those component layers of the superposed structure are brought into 
close contact by vacuum and are bonded together by hot pressing. The deposited inorganic oxide thin film 2 of the 
protective sheet 16 faces inside. 
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[0177] A third solar battery module T 2 shown in Fig. 7 employs the protective sheet A shown in Fig 1 as its front 
surface protective sheet 11 and its back surface protective sheet 16. The so.ar battery module T 2 fabncatec I by- 
superposing the front surface protective sheet 11 (A), a filer .ayer 12. a photovoltaic layer 13 of so.ar cells a fille layer 
14 and the protective sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to 
a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot press.ng. The deposited morgan.c 
oxide thin film 2 of each of the protective sheets 11 and 16 faces inside. 

r0178l The foregoing protective sheets in accordance with the present invention and the forego.ng solar battery 
modules employing those protective sheets are examples intended to illustrate the invention and not to be construed 
to limit the scope of the invention. . 
[0179] For example, the protective sheets shown in Figs. 3 and 4 can be applied to solar battery modules of var.ous 
types. The foregoing solar battery modules may comprise additional layers for sunlight absorption, re.nforcement or 

[018oT Materials for and methods of fabricating the protective sheets in accordance with the present invention and 
the solar battery modules employing those protective sheets will be described. It is desirable that the cyclic polyolefin 
resin film or sheet for the protective sheets embodying the present invention and the solar battery modules employing 
those protective sheets has a high sunlight transmittance because the solar battery absorbs sunlight and generates 

power by its photovoltaic effect. , r „„„ (h 
[01811 It is desirable that the cyclic polyolefin resin film or sheet is excellent in mechan.cal or chemical strength 
excellent in weather resistance, heat resistance, water resistance, light resistance, wind endurance, hailstorm resist- 
ance, chemical resistance and piercing strength. It is particularly desirable that the cyclic polyolefin resin film or sheet 
is excellent in weather resistance and moisture impermeability that prevents the permeation of oxygen and the like 
has a high surface hardness, is excellent in soil resistance that prevents the accumulation of soil and dust thereon, .s 

very durable and has a high protective ability. 

[0182] It is desirable that the cyclic polyolefin resin film or sheet is capable of w.thstand.ng conditions for forming a 
deposited inorganic oxide thin film thereon, does not spoil the characteristics thereof and the deposited morgan.c ox.de 
thin film deposited thereon, is capable of firmly adhering to the deposited inorganic oxide thin film and of satisfactorily 

holding the same thereon. , . 

[0183] The present invention may employ transparent cyclic polyolefin films or sheets of. for example, cyclopenta- 
diene cyclopentadiene derivatives, dicyclopentadiene, dicyclopentadiene derivatives, cyclohexadiene, cyclohexad.- 
ene derivatives, norbornadiene, norbornadiene derivatives, polymers produced through the polymerization of cychc 
dienes. copolymers of cyclic dienes and one or some of ethylene, propylene. 4-methyl-1-pentene. styrene. butad.ene. 

isoprene and the like. r . . , * 

[0184] Among those transparent cyclic polyolefin resin films or sheets, film or sheets of polycyclopentadienes of 
cyclic dienes including cyclopentadiene, cyclopentadiene derivatives, dicyclopentadiene, dicyclopentadiene deriva- 
tives norbornadiene and norbornadiene derivatives are excellent in properties including weather resistance, water 
resistance and transparency, and are particularly preferable from the view point of sunlight transmission 
mi 851 The protective sheets of the solar battery modules using the cyclic polyolefin res.n film or sheet utilizes the 
excellent properties of the cyclic polyolefin resin sheet including mechanical properties, optical properties and proper- 
ties including weather resistance, heat resistance and water resistance, moisture impermeability, so,l resistance, chem- 
ical resistance and piercing strength. The protective sheet is equal to the glass sheet used as the conventional Protective 
sheet in optical properties and durability, has satisfactory mechanical properties, and is more flexile and lighter than 
the glass sheet, excellent in workability and easy to handle. 

[0186] There is no possibility that the cyclic polyolefin film or sheet in accordance with the present invention causes 
environmental destruction of pollution when disposed of after use. 

[0187] The cyclic polyolefin resin film or sheet in accordance with the present invention may be. for example, any 
one of films or sheets of the foregoing cyclic polyolefin resins formed by a film forming process, such as an extrusion 
process a casting process, a T-die extrusion process, a cutting process, an inflation process or the like, any one of 
multilayerfilms or multilayer sheets of two or more kinds of the foregoing cyclic polyolefin resins formed by a coextrusion 
process or any one of films or sheets formed by subjecting a mixture of a plurality of kinds of the foregoing cycl.c 
polyolefin resins to a film forming process. When necessary, the cyclic polyolefin resin film or sheet may be a un.axially 
or biaxially oriented film or sheet formed by subjecting a cyclic polyolefin resin film or sheet to a uniaxial or biaxial 

orientation process of a tenter system or a tubular film system. 

[0188] The thickness of the cyclic polyolefin resin film or sheet is in the range of about 1 2 to about 300 urn. desirably, 
in the range of about 25 to about 200 urn. , r ^ m „ 
[01 89] It is desirable that the cyclic polyolefin resin film or sheet of the present invention has a visible light transmit- 
tance of 90% or above, preferably, 95% or above and a property to transmit all incident sunlight and to absorb the same. 
[0190] When forming the cyclic polyolefin resin film or sheet, various compounding ingredients and add.t.ves may 
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be added to the cyclic polyolefin resin to improve the workability, heat resistance, weather resistance, strength, me- 
chanical properties, dimensional stability, oxidation resistance, slipperiness, releasability, flame retardancy. antifungal 
property, electric properties, piercing strength and the like. The amount of each of the compounding ingredients and 
the additives is in the range of a very small percent to several tens percent and may optionally be determined according 
5 to the purpose. 

[0191] The cyclic olefin resin may contain commonly known additives, such as a lubricant, a crosslinking agent, an 
oxidation inhibitor, an ultraviolet absorber, a light stabilizer, a filler, a reinforcing material, reinforcing fibers, an antistatic 
agent, a flame retarder, a flame-resistant agent, a foaming agent, an antifungus agent, a pigment and the like. The 
cyclic polyolefin resin may further contain modifiers. 
io [0192] In the present invention, it is preferable to use a cyclic polyolefin resin film or sheet of a composite cyclic 
polyolefin resin produced by preparing a mixture of a cyclic polyolefin resin, an oxidation inhibitor, an ultraviolet absorber 
or one or a plurality of kinds of reinforcing fibers, and kneading the mixture to improve the weather resistance, strength, 
piercing strength and the like. 

[0193] When necessary, a surface-treated layer 3 may be formed in a surface of the fluorocarbon resin sheet by a 
15 surface pretreatment process to improve the adhesion between the surface of the cyclic polyolefin film or sheet and 
the deposited inorganic oxide thin film. 

[01 94] The surface-treated layer 3 may be formed by, for example, a corona discharge treatment, an ozone treatment, 
a low-temperature plasma treatment using oxygen gas or nitrogen gas, a glow discharge treatment, an oxidation treat- 
ment using a chemical or the like. The surface-treated layer 3 may be a corona-treated layer, an ozone-treated layer, 

20 a plasma-treated layer, an oxidized layer or the like. 

[0195] The surface pretreatment of the cyclic polyolefin resin filmor sheet is a method of improving adhesion between 
the cyclic polyolefin resin film or sheet and the deposited inorganic oxide thin film. The surface of the cyclic polyolefin 
resin film or sheet is finished by the surface pretreatment to improve the adhesion between the cyclic polyolefin resin 
film or sheet and the deposited inorganic oxide thin film . The improvement of adhesion can be achieved by forming, 

25 instead of forming the surface-treated layer, a layer of a primer, an undercoater, an anchoring agent, an adhesive or 
a deposited undercoating material. 

[0196] Suitable materials for forming the coating layer are, for example, composite resins containing a polyester 
resin, a polyamide resin, a polyurethane resin, an epoxy resin, a phenolic resin, a (meta)acrylic resin, a polyvinyl acetate 
resin, a polyolefin resin such as a polyethylene, a polypropylene or a copolymer or a resin obtained by modifying one 
30 of those resins, a cellulose resin or the like as a principal component of a vehicle. 

[0197] In the present invention, the composite resin may contain an ultraviolet absorber and/or an oxidation inhibitor 
for weather resistance improvement. 

[0198] The composite resin may contain one or a plurality of the foregoing ultraviolet absorbers. 
[0199] The composite resin may contain one or a plurality of the foregoing oxidation inhibitors. 
35 [0200] The ultraviolet absorber and/or the oxidation inhibitor content is dependent on the shape and density of par- 
ticles and a preferable ultraviolet absorber and/or the oxidation inhibitor content is in the range of about 0.1 to about 
10% by weight. 

[0201] The coating layer may be formed of a coating material of, for example, a solvent type, an aqueous type or an 
emulsion type by a roller coating process, a gravure coating process, a kiss-roll coating process or the like. The coating 

40 layer may be formed by a coating process subsequent to a resin film or sheet forming process or a biaxial orientation 
process, or by an in-line coating process included in the film forming process or the biaxial orientation process. 
[0202] The surface-treated layer may be formed on one surface of the cyclic polyolefin resin film or sheet to protect 
the cyclic polyolefin resin film or sheet from vapor deposition conditions for forming the deposited inorganic oxide thin 
film, to suppress yellowing, deterioration, shrinkage or cohesive failure in a surface layer or an inner layer of the cyclic 

45 polyolefin resin film or sheet, and to improve the adhesion between the cyclic polyolefin resin film or sheet and the 
deposited inorganic oxide thin film. The surface-treated layer, i.e., a deposition-resistant protective film, such as a 
deposited inorganic oxide thin film, may be formed by, for example, a chemical vapor deposition process (CVD process), 
such as a plasma chemical vapor deposition process, a thermal chemical vapor deposition process or a photochemical 
vapor deposition process, or a physical vapor deposition process (PVD process), such as a vacuum evaporation proc- 

50 ess, a sputtering process or an ion plating process. 

[0203] The thickness of the deposition-resistant protective film of silicon oxide or the like may be less than 150 A. 
The deposition-resistant protective film may be a nonbarrier film not having any barrier effect to inhibit the permeation 
of moisture and oxygen gas. Concretely, the thickness of the deposition-resistant protective film is in the range of about 
10 to about 100 A, more preferably, in the range of about 20 to 80 A, more preferably, in the range of about 30 to about 

55 60 A. 

[0204] If the thickness is greater than 150 A, more concretely 100 A, 80 A or 60 A, the cyclic polyolefin resin film or 
sheet is exposed to severe deposition conditions. Consequently, the cyclic polyolefin resin film or sheet turns yellow, 
cohesive failure occurs, the formation of a satisfactory deposition-resistant protective film becomes difficult, and cracks 
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develop in the film. If the thickness is less than 10 A, 20 A or 30 A. the film is incapable of functioning as an effective 
deposition-resistant protective film. „^r.« 
[02051 When the cyclic polyolef.n resin film or sheet forms the outermost layer of a solar battery, thecychc polyolefin 
resin film or sheet may be an embossed film or sheet having an embossed surface or embossed surfaces fimshed by 
an embossing process to provide the cyclic polyolefin resin film or sheet with a sunlight diffusing effect or an antire- 

Sfl ^embossed surface may be such as having irregularities of sizes in the range of a submicron size to several 
hundreds micrometer. The irregularities may be of any suitable shape, such as a pyramidal shape, a V-shape or a 

jSoyi^The deposited inorganic oxide thin film may be formed by the continuous vacuum evaporation system shown 

F0208] 8 'The low-temperature plasma chemical vapor deposition process for forming the deposited inorganic oxide 
thin film may be carried out by the low-temperature plasma chemical vapor deposition system shown .n F,g^9. 
[0209] When fabricating a solar battery module, the reinforcing fibers may be, for example, glass fibers or filaments 
carbon fibers or filaments, aramid fibers or filaments, polyamide fibers or filaments, polyester fibers or filaments, natural 
fibers or the like. The reinforcing fibers or filaments, or a nonwoven fabric of the reinforcing fibers or filaments may be 
used for forming a fiber-reinforcing layer. r.,„ m ^tc 
[021 0] It is also possible to form the fiber-reinforced layer by preparing a mixture of the reinforcing fibers or filaments, 
such as the foregoing glass fibers or filaments, carbon fibers or filaments, aramid fibers or filaments po.yam.de .fibers 
or filaments, polyester fibers or filaments, natural fibers or the like, or a nonwoven fabric or a sheet resembl.ng 
nonwoven fabric of the reinforcing fibers or filaments, and a resin for forming the filler layer, such as one of fluorocarbon 
resins ethylene-vinyl acetate resins, methacrylate copolymers, polyethylene resins, polypropylene resms. modified 
polyolefin resins produced by modifying polyolefin resins, such as polyethylene resins or polypropylene ^s.ns, by an 
unsaturated carboxylic acid, such as acrylic acid, itaconic acid, maleic acid or fumaric acid, cycl.c polyolefin resms 
polyvinyl butyral resins, silicone resins, epoxy resins, (meta)acrylic resins and the like, kneading the m.xture, and 
forming a film of the kneaded mixture. 

Examples 

[021 1 ] Examples of the second embodiment will concretely be described hereinafter. 
EXAMPLE 1 



[0212] 



(1) A roll of a 100 urn thick polydicyclopentadiene resin sheet, i.e., base sheet, was mounted on a feed roll of a 
continuous vacuum evaporation system. The polydicyclopentadiene resin sheet was unwound and wound around 
a coating drum and a 500 A thick deposited aluminum oxide thin film was deposited on a treated surface of the 
polydicyclopentadiene resin sheet treated for adhesion improvement by a reactive vacuum evaporation process 
of an electron beam (EB) heating system. Aluminum was used as an evaporation source and oxygen gas was 
supplied to the continuous vacuum evaporation system. 

Deposition conditions: 

Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5x1 0" 6 mbar 

Vacuum in deposition chamber: 2.1 x10 6 mbar 

EB power: 40 kW 

Sheet moving speed: 600 m/min 

(2) A protective sheet in accordance with the present invention for a solar battery module was completed by sub- 
ecting the 500 A thick deposited aluminum oxide thin film formed on the surface of the polydicyclopentadiene 
resin sheet to a glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma 
process was carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output .mmed.ately 
after the deposition of the 500 A thick deposited aluminum oxide thin film. In the glowOischarge plasma process 
an oxygen/argon mixed gas of 19/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/argon mixed 
gas is maintained at 6x10" 5 torr and the processing speed was 420 m/min. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated. The protective sheet, a 
400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented polyethylene terephthalate 
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film provided with an array of amorphous silicon solar cells, a 400 ^m thick ethylene-vinyl acetate copolymer sheet 
and a 50 pm thick biaxially oriented polyethylene terephthalate film were superposed in that order with the plasma- 
processed deposited aluminum oxide thin film facing inside and the surface of the 38 urn thick biaxially oriented 
polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front surface 
protective sheet. Those component layers were laminated by using adhesive layers of an acrylic resin to complete 
a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 u.m thick polycyclopentadiene resin 
sheet was used instead of the 100 pm thick polydicyclopentadiene resin sheet as the base sheet. 

EXAMPLE 2 

[0213] 

(1) A roll of a 100 pm thick polydicyclopentadiene resin sheet, i.e., base sheet, was mounted on a feed roll of a 
plasma chemical vapor deposition system. A 500 A thick deposited silicon oxide thin film was deposited on a 
treated surface of the polydicyclopentadiene resin sheet treated for adhesion improvement under the following 
conditions. 

Deposition conditions: 



Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/hetium = 1/10/10 (Unit: slm) 
Vacuum in vacuum chamber: 5.0x1 0* 6 mbar 
Vacuum in deposition chamber: 6.0x1 0 -2 mbar 
Power supplied to cooling electrode drum: 20 kW 
25 Film moving speed: 80 m/min 

Surface for vapor deposition: Corona-processed surface 

(2) A protective sheet in accordance with the present invention for a solar battery module was completed by sub- 
jecting the 500 A thick deposited silicon oxide thin film formed on the surface of the polydicyclopentadiene resin 

30 sheet to a corona discharge process to form a corona-processed surface and to increase the surface tension of 

the deposited silicon oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet 
was moved at a moving speed of 100 m/min. 

(3) A sofar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 u,m thick 

35 biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 |nm 

thick ethylene-vinyl acetate copolymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the corona-processed deposited silicon oxide thin film facing inside and the 
surface of the 38 u.m thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet. Those component layers were laminated by using 

40 adhesive layers of an acrylic resin to complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 jim thick polycyclopentadiene resin 
sheet was used instead of the 100 um thick polydicyclopentadiene resin sheet. 

45 EXAMPLE 3 

[0214] 

(1) A roll of a 300 urn thick polydicyclopentadiene resin sheet containing an ultraviolet absorber was mounted on 
50 a feed roll of a plasma chemical vapor deposition system. A 500 A thick deposited silicon oxide thin film was 

deposited on a treated surface of the polydicyclopentadiene resin sheet treated for adhesion improvement under 
the following conditions. 
Deposition conditions: 

55 Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 1/10/10 (Unit: slm) 

Vacuum in vacuum chamber: 5.0x1 0 -6 mbar 
Vacuum in deposition chamber: 6.0X1 0" 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
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Film moving speed: 80 m/min 

Surface for deposition: Corona-processed surface 

The surface of the 500 A thick deposited silicon oxide thin film formed on the polydicyclopentadiene resin 
sheet was subjected to a corona discharge process to form a corona-processed surface and to increase the surface 
tension of the deposited silicon oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and 
the sheet was moved at a moving speed of 100 m/min. 

(2) A roll of the polydicyclopentadiene resin sheet provided with the corona-processed deposited silicon ox.de thin 
film was mounted on a feed roll of a continuous vacuum evaporation system. The polydicyclopentad.ene res.n 
sheet was unwound and wound around a coating drum and a 500 A thick deposited aluminum oxide thin film was 
deposited on the corona-processed surface of the deposited silicon oxide thin film formed on the polydicyclopen- 
tadiene resin sheet by a reactive vacuum evaporation process of an electron beam (EB) heating system. Aluminum 
was used as an evaporation source and oxygen gas was supplied to the continuous vacuum evaporation system. 
Deposition conditions: 

Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5X1 0 6 mbar 

Vacuum in deposition chamber: 2.1 X10" 6 mbar 

EB power: 40 kW 

Film moving speed: 600 m/min 

A protective sheet in accordance with the present invention for a solar battery module was completed by 
subjecting the 500 A thick deposited aluminum oxide thin film formed on the surface of the polydicyclopentadiene 
resin sheet to a glow-discharge plasma process to form a plasma-processed surface. The glow-d.scharge plasma 
process was carried out by a glow-discharge plasma producing apparatus of 1 500 W in plasma output immed.ately 
after the deposition of the 500 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, 
an oxygen/argon mixed gas of 19/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/argon m.xed 
qas is maintained at 6x1 0" 5 torr and the processing speed was 420 m/min. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet The protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene- 
vinyl acetate copolymer sheet and a 50 urn thick biaxially oriented polyethylene terephthalate film were superposed 
in that order with the plasma-processed deposited aluminum oxide thin film facing inside and the surface of the 
38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front 
surface protective sheet. Those component layers were laminated by using adhesive layers of an acrylic res.n to 
complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 300 pm thick polycyclopentad.ene resin 
sheet containing an ultraviolet absorber was used instead of the 300 pm thick polydicyclopentadiene res.n sheet 
containing an ultraviolet absorber and used as the base sheet. 



EXAMPLE 4 



[0215] 



(1) Protective sheets that are the same as the protective sheet in Example 1 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells a 400 M m thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the plasma-processed deposited aluminum oxide thin films of the front surface and the back surface protective 
sheet facing inside and with the surface of the 38 urn thick polyethylene terephthalate film provided with the solar 
cells facing the front surface protective sheet, and laminating those component layers by using adhesive layers 
of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 100 pm thick polycyclopentadiene resin sheets 
were used instead of the 100 pm thick polydicyclopentadiene resin sheets. 
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EXAMPLE 5 



[0216] 



(1) Protective sheets that are the same as the protective sheet in Example 2 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells a 400 urn thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with 'the plasma-processed deposited silicon oxide thin films of the front surface and the back surface protective 
sheet facing inside and with the surface of the 38 urn thick polyethylene terephthalate film provided with the array 
of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers 
by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 100 pm thick polycyclopentadiene resin sheets 
were used instead of the 100 pm thick polydicyclopentadiene resin sheets. 

EXAMPLE 6 



[0217] 



(1) Protective sheets that are the same as the protective sheet in Example 3 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module.The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, 
a 38 pm thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous s.l.con solar 
cells a 400 pm thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the plasma-processed deposited aluminum oxide thin films of the front surface and the back surface protective 
sheet facing inside and with the surface of the 38 pm thick polyethylene terephthalate film provided with the array 
of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers 
by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 300 pm thick polycyclopentadiene resin sheets 
containing an ultraviolet absorber were used instead of the 300 pm thick polydicyclopentadiene resin sheet con- 
taining the ultraviolet absorber. 



EXAMPLE 7 
[0218] 



(1 ) A protective sheet that is the same as the protective sheet in Example 1 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 3 mm thick glass sheet, 
a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 pm thick biaxially oriented polyethylene terephthalate 
film provided with an array of amorphous silicon solar cells, a 400 pm thick ethylene-vinyl acetate copolymer sheet 
and the back surface protective sheet in that order with the plasma-processed deposited aluminum ox.de th.n film 
of the back surface protective sheet facing inside and with the surface of the 38 pm thick polyethylene terephthalate 
film provided with the array of amorphous silicon solar cells facing the 3 mm thick glass sheet, and lammat.ng 
those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 100 pm thick polycyclopentadiene resin sheet 
was used instead of the 100 pm thick polydicyclopentadiene resin sheet. 



EXAMPLE 8 



[0219] 



( 1 ) A protective sheet that is the same as the protective sheet in Example 2 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 pm thick polyvinyl 
fluoride sheet ( PVF sheet), a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 pm thick biaxially oriented 
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polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 nm thick ethylene* 
vinyl acetate copolymer sheet and the back surface protective sheet in that order with the corona-processed de- 
posited silicon oxide thin film of the back surface protective sheet facing inside and with the surface of the 38 u.m 
thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50 um thick 
5 polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 100 urn thick polycyclopentadiene resin sheet 
was used instead of the 100 jim thick polydicyclopentadiene resin sheet. 

J0 EXAMPLE 9 

[0220] 

(1 ) A protective sheet that is the same as the protective sheet in Example 3 was used as the back surface protective 
15 sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 um thick polyvinyl 

fluoride sheet (PVF sheet), a 400 jim thick ethylene-vinyl acetate copolymer sheet, a 38jim thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene- 
vinyl acetate copolymer sheet and the back surface protective sheet in that order with the plasma-processed 
deposited aluminum oxide thin film of the back surface protective sheet facing inside and with the surface of the 
20 38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50 

(xm thick polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 100jim thick polycyclopentadiene resin sheet 

25 was used instead of the 100 u.m thick polydicyclopentadiene resin sheet. 

EXAMPLE 10 
[0221] 

30 

(1 ) A roll of a 1 00 u.m thick polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ultrafine 
titanium oxide powder, and glass fibers was mounted on a feed roll of a plasma chemical vapor deposition system. 
A 50 A thick deposited silicon oxide thin film as a deposition-resistant protective film was deposited on a surface 
of the polydicyclopentadiene resin sheet under the following conditions. 

35 Deposition conditions: 

Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 5/5/5 (Unit: slm) 
Vacuum in vacuum chamber: 7.0x10 6 mbar 
Vacuum in deposition chamber: 3.8x1 0 2 mbar 
40 Power supplied to cooling electrode drum: 15 kW 

Sheet moving speed: 100 m/min 

(2) A roll of the polydicyclopentadiene resin sheet provided with the deposition-resistant protective film was mount- 
ed on a feed roll of a plasma chemical vapor deposition system. A 800 A thick deposited silicon oxide thin film was 

45 deposited on the deposition-resistant protective film formed on the polydicyclopentadiene resin sheet. 

Deposition conditions: 

Evaporation source: Aluminum 
Vacuum in vacuum chamber: 5.0X1 0" 6 mbar 
50 Vacuum in deposition chamber: 6.0x10-2 mbar 

Power supplied to cooling electrode drum: 20 kW 
Film moving speed: 80 m/min 

A protective sheet in accordance with the present invention for a solar battery module was completed by 
55 subjecting the 800 A thick deposited silicon oxide thin film to a corona discharge process to form a corona-proc- 

essed surface and to increase the surface tension of the deposited silicon oxide thin film from 35 dyne to 60 dyne. 
Corona discharge power was 10 kW and the sheet was moved at a moving speed of 100 m/min. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
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sheet The protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 pm thick ethylene- 
vinyl acetate copolymer sheet and a 50 urn thick biaxially oriented polyethylene terephthalate film were superposed 
in that order with the corona-processed deposited silicon oxide thin film facing inside and the surface of the 38 pm 
thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front surface 
protective sheet. Those component layers were laminated by using adhesive layers of an acrylic resin to complete 
a solar battery module. . . . 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 pm thick polycyclopentad.ene resin 
sheet containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers was used 
instead of the 100 pm thick polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ul- 
trafine titanium oxide powder, and glass fiber. 

EXAMPLE 11 

[0222] 

(1 ) A roll of the polydicyclopentadiene resin sheet in Example 10 provided with the deposition-resistant protective 
film was mounted on a feed roll of a continuous vacuum evaporation system. The polydicyclopentadiene resin 
sheet was unwound and wound around a coating drum and a 800 A thick deposited aluminum oxide thin film was 
deposited on the deposition-resistant protective film by a reactive vacuum evaporation process of an electron 
beam (EB) heating system. Aluminum was used as an evaporation source and oxygen gas was supplied to the 
continuous vacuum evaporation system. 
Deposition conditions: 

Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5x1 0" 6 mbar 

Vacuum in deposition chamber: 2.1 X10 6 mbar 

EB power: 40 kW 

Film moving speed: 600 m/min 

A protective sheet in accordance with the present invention for a solar battery module was completed by 
subjecting the 800 A thick deposited aluminum oxide thin film to a glow-discharge plasma process to form a plasma- 
processed surface. The glow-discharge plasma process was carried out by a glow-discharge plasma producing 
apparatus of 1500 W in plasma output immediately after the deposition of the 800 A thick deposited aluminum 
oxide thin film. In the glow-discharge plasma process, an oxygen/argon mixed gas of 19/1 in 0 2 /Ar ratio was 
supplied so that the pressure of the oxygen/argon mixed gas is maintained at 6x1 0= torr and the processing speed 

(2?The 0 protective sheet thus fabricated was used as a front surface protective sheet. A 400 pm thick ethylene- 
vinyl acetate copolymer sheet was laminated to the plasma-processed surface of the deposited aluminum oxide 
thin film with an adhesive layer of an acrylic resin. 

A 38 pm thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon 
solar cells a 400 pm thick ethylene-vinyl acetate copolymer sheet and a 50 pm thick biaxially oriented polyethylene 
terephthalate film were superposed in that order on the ethylene-vinyl acetate copolymer sheet laminated to the 
protective sheet with the he surface of the 38 pm thick biaxially oriented polyethylene terephthalate film provided 
with the array of amorphous silicon solar cells facing the front surface protective sheet. Those component layers 
were laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 
(3) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 pm thick polycyclopentad.ene resm 
sheet containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers was used 
instead of the 100 pm thick polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ul- 
trafine titanium oxide powder, and glass fibers. 

EXAMPLE 12 

[0223] 

(1) A 100 pm thick polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ultrafine tita- 
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nium oxide powder, and glass fibers was used. One of the surfaces of the polydicyclopentadiene resin sheet was 
processed by an embossing process using an embossing roller to form an embossed surface provided with py- 
ramidal projections of 1 nm in size. 

A roll of the polydicyclopentadiene resin sheet having the embossed surface was mounted on a feed roll of a 

5 continuous vacuum evaporation system. The polydicyclopentadiene resin sheet was unwound and wound around 

a coating drum and a 50 A thick deposited aluminum oxide thin film as a deposition-resistant protective film was 
deposited on the other surface not embossed of the polydicyclopentadiene resin sheet by a reactive vacuum 
evaporation process of an electron beam (EB) heating system. Aluminum was used as an evaporation source and 
oxygen gas was supplied to the continuous vacuum evaporation system. 

10 Deposition conditions: 

Evaporation source: Aluminum 
Vacuum in vacuum chamber: 7.5X10 -6 mbar 
Vacuum in deposition chamber: 2.1 X10" 6 mbar 
15 EB power: 20 kW 

Film moving speed: 500 m/min 

(2) A protective sheet in accordance with the present invention for a solar battery module was completed by forming 
a 800 A thick deposited aluminum oxide thin film on the deposition-resistant protective film formed on the unem- 

20 bossed surface of the polydicyclopentadiene resin sheet by a reactive vacuum evaporation process of an electron 

beam (EB) heating system similar to that that in Example 1, and subjecting the 800 A thick deposited aluminum 
oxide thin film to a plasma process to form a plasma-processed surface. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The protective sheet, a 400 thick ethylene-vinyl acetate copolymer sheet, a 38 \im thick biaxially oriented 

25 polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u.m thick ethylene- 

vinyl acetate copolymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film were superposed 
in that order with the plasma-processed surface of the deposited aluminum oxide thin film facing inside and the 
surface of the 38 fim thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet. Those component layers were laminated by using 

30 adhesive layers of an acrylic resin to complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 \im thick polycyclopentadiene resin 
sheet containing an ultraviolet absorber comprising ultrafme titanium oxide powder, and glass fibers and having 
an embossed surface was used instead of the 100 urn thick polydicyclopentadiene resin sheet containing an ul- 

35 traviolet absorber comprising ultrafine titanium oxide powder, and glass fibers and having the embossed surface. 

EXAMPLE 13 
[0224] 

AO 

(1) Protective sheets that are the same as the protective sheet in Example 10 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was 
fabricated by superposing the front surface protective sheet, a 400 jim thick ethylene-vinyl acetate copolymer 
sheet, a 38 jim thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon 
15 solar cells, a 400 u.m thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that 

order with the corona-processed deposited silicon oxide thin films of the front surface and the back surface pro- 
tective sheet facing inside and with the surface of the 38 \im thick polyethylene terephthalate film provided with 
the solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

50 (2) Protective sheets in accordance with the present invention and another solar battery module of the same 

components were fabricated by the same processes, except that a 100jim thick polycyclopentadiene resin sheets 
containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers were used instead 
of the 100 urn thick polydicyclopentadiene resin sheets containing an ultraviolet absorber comprising ultrafine 
titanium oxide powder, and glass fibers face. 
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EXAMPLE 14 



[0225] 



5 (1) Protective sheets that are the same as the protective sheet in Example 11 were used as the front surface 

protective sheet and the back surface protective sheet of a solar battery module. A 400 urn thick ethylene-vinyl 
acetate copolymer sheet was laminated to the plasma-processed surface of the deposited alum.num oxide thin 
film of the front surface protective sheet with an adhesive layer of an acrylic resin to form a first lam.nated structure. 
A 400 urn thick ethylene-vinyl acetate copolymer sheet was laminated to the plasma-processed surface of the 

w deposited aluminum oxide thin film of the back surface protective sheet with an adhesive layer of an acrylic resin 

to form a second laminated structure. 

A 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon 
solar cells was sandwiched between the first and the second laminated structure with the 400 urn thick ethylene- 
vinyl acetate copolymer sheets contiguous with the 38 ^m thick biaxially oriented polyethylene terephthalate film 

15 and with the surface of the 38 ^m thick biaxially oriented polyethylene terephthalate film facing the front surface 

protective sheet. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 1 00 urn thick polycyclopentadiene resin sheets 
containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers were used instead 
20 of the 100 urn thick polydicyclopentadiene resin sheets containing an ultraviolet absorber comprising ultrafine 

titanium oxide powder, and glass fibers face. . 
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EXAMPLE 15 



25 [0226] 



(1) Protective sheets that are the same as the protective sheet in Example 12 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was 
fabricated by superposing the front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer 

30 sheet a 38 »im thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon 

solar cells a 400 thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that 
order with the plasma-processed deposited aluminum oxide thin films of the front surface and the back surface 
protective sheet facing inside and with the surface of the 38 urn thick polyethylene terephthalate film provided with 
the array of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component 

35 layers by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 100 u^m thick embossed polycyclopentadiene 
resin sheets containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers were 
used instead of the 100 urn thick embossed polydicyclopentadiene resin sheets containing the ultraviolet absorber 

40 comprising ultrafine titanium oxide powder, and glass fibers. 

EXAMPLE 16 
[0227] 



(1 ) A protective sheet that is the same as the protective sheet in Example 1 0 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 3 mm thick glass sheet, 
a 400 jim thick ethylene-vinyl acetate copolymer sheet, a 38 \im thick biaxially oriented polyethylene terephthalate 
film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene-vinyl acetate copolymer sheet 

50 and the back surface protective sheet in that order with the corona-processed deposited silicon oxide thin film of 

the back surface protective sheet facing inside and with the surface of the 38 urn thick polyethylene terephthalate 
film provided with the array of amorphous silicon solar cells facing the 3 mm thick glass sheet, and laminating 
those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
55 components were fabricated by the same processes, except that a 1 00 urn thick polycyclopentadiene resin sheet 

containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers was used instead 
of the 100 urn thick polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ultrafine tita- 
nium oxide powder, and glass fibers. 
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EXAMPLE 17 
[0228] 

5 (1) A protective sheet that is the same as the protective sheet in Example 11 was used as the back surface protective 

sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 u.m thick polyvinyl 
fluoride sheet (PVF sheet), a 400 jim thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u.m thick ethylene- 
vinyl acetate copolymer sheet and the back surface protective sheet in that order with the plasma-processed 

10 deposited aluminum oxide thin film of the back surface protective sheet facing inside and with the surface of the 

38 jim thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50 
urn thick polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
15 components were fabricated by the same processes, except that a 100 urn thick polycyclopentadiene resin sheet 

containing an ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers was used instead 
of the 100 jim thick polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ultrafine tita- 
nium oxide powder, and glass fibers. 

20 EXAMPLE 18 

[0229] (1) A protective sheet that is the same as the protective sheet in Example 11 was used as the back surface 
protective sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 u.m thick 
polyvinyl fluoride sheet (PVF sheet), a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick biaxially 

25 oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 pm thick ethylene- 
vinyl acetate copolymer sheet and the back surface protective sheet in that order with the plasma-processed deposited 
aluminum oxide thin film of the back surface protective sheet facing inside and with the surface of the 38 u.m thick 
polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50u.m thick polyvinyl 
fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic resin. (2) A protective 

30 sheet in accordance with the present invention and another solar battery module of the same components were fab- 
ricated by the same processes, except that a 100 jim thick embossed polycyclopentadiene resin sheet containing an 
ultraviolet absorber comprising ultrafine titanium oxide powder, and glass fibers was used instead of the 100u.m thick 
embossed polydicyclopentadiene resin sheet containing an ultraviolet absorber comprising ultrafine titanium oxide 
powder, and glass fibers. 

35 

COMPARATIVE EXAMPLE 1 

[0230] A 3 mm thick glass sheet was used as a base sheet for a front surface protective sheet for a solar battery 
module. The solar battery module was fabricated by superposing the 3 mm thick glass sheet, a 400 jim thick ethylene- 
40 vinyl acetate copolymer sheet, a 38 \im thick biaxially oriented polyethylene terephthalate film provided with an array 
of amorphous silicon solar cells, a 400 u.m thick ethylene-vinyl acetate copolymer sheet and a 50 u.m thick biaxially 
oriented polyethylene terephthalate film in that order with the surface of the 38 urn thick polyethylene terephthalate 
film provided with the array of amorphous silicon solar cells facing the glass sheet, and laminating those component 
layers by using adhesive layers of an acrylic resin. 

45 

COMPARATIVE EXAMPLE 2 

[0231] A 50 u.m thick polyvinyl fluoride sheet (PVF sheet) was used as a base sheet for a front surface protective 
sheet for a solar battery module. The solar battery module was fabricated by superposing the 50 u.m thick polyvinyl 
50 fluoride sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 [im thick biaxially oriented polyethylene 
terephthalate film provided with an array of amorphous silicon solar cells, a 400 nm thick ethylene-vinyl. acetate copol- 
ymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film in that order with the surface of the 38 
um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50 urn thick 
polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 

55 

COMPARATIVE EXAMPLE 3 

[0232] Two 50 um thick polyvinyl fluoride sheets (PVF sheets) were used as base sheets for a front surface protective 
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sheet and a back surface protective sheet for a solar battery module. The solar battery module was fabricated by 
superposing one of the two 50 urn thick polyvinyl fluoride sheets (PVF sheets), a 400 \im thick ethylene-vinyl acetate 
copolymer sheet, a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous 
silicon solar cells, a 400 urn thick ethylene-vinyl acetate copolymer sheet and the other 50 u.m thick polyvinyl fluoride 
sheet (PVF sheet) in that order with the surface of the 38 urn thick polyethylene terephthalate film provided with the 
array of amorphous silicon solar cells facing the 50 u.m thick polyvinyl fluoride sheet serving as the front surface pro- 
tective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 



Experiments 

[0233] The protective sheets in Examples 1 to 18 and in Comparative examples 1 to 3 were subjected to total trans- 
mittance measurement. The solar battery modules in Examples 1 to 18 and Comparative examples 1 to 3 were sub- 
jected to solar battery module evaluation tests. 



(1) Total Transmittance Measurement 

[0234] Total transmittance (%) of each of the protective sheets in Examples 1 to 18 and Comparative examples 1 to 
3 against the total transmittance of the base sheet as a reference total transmittance was measured by a color computer. 



(2) Solar Battery Module Evaluation Tests 

[0235] The solar battery modules were subjected to environmental tests in conformity to conditions specified in JIS 
C8917-1989. Photovoltaic output of the solar battery modules was measured before and after environmental tests. 



(3) Moisture Permeability and Oxygen Permeability 

[0236] The moisture permeabilities of the protective sheets in Examples 1 to 18 and Comparative examples 1 to 3 
were measured in an atmosphere of 40° C and 90% RH by a moisture permeability measuring apparatus (PERMAT- 
RAN, MOCON, USA). The oxygen permeabilities of the protective sheets in Examples 1 to 18 and Comparative ex- 
amples 1 to 3 were measured in an atmosphere of 23° C and 90% RH by an oxygen permeability measuring apparatus 
(OXTRAN, MOCON, USA). Measured data is tabulated in Table 2-1. 



Table 2-1 





Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 
ratio (%) 


Example 1 


92 


0.5 


5.3 


4 


Example 2 


91 


0.2 


2.0 


3 


Example 3 


91 


0.1 


1.1 


2 


Example 4 


92 


0.5 


4.9 


2 


Example 5 


91 


0.2 


1.8 


2 


Example 6 


91 


0.1 


1.0 


1 1 


Example 7 


92 


0.5 


5.1 


3 


Example 8 


91 


0.2 


2.1 


4 


Example 9 


91 


0.1 


1.1 


4 


Example 10 


90 


0.3 


4.5 


3 


Example 11 


90 


0.2 


2.0 


3 


Example 12 


90 


0.1 


0.9 


2 


Example 13 


90 


0.3 


3.9 


2 


Example 14 


89 


0.2 


1.5 


2 
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Table 2-1 (continued) 





Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 
ratio (%) 


Example 15 


91 


0.3 


0.8 


1 


Example 16 


90 


0.2 


0.7 


1 


Example 17 


90 


0.1 


0.6 


1 


Example 18 


89 


U.I 


u.y 


1 


Comparative 
Example 1 


89 


15.5 


40.3 


14 


Comparative 
Example 2 


93 


26.3 


27.7 


15 


Comparative 
Example 3 


93 


26.3 


27.7 


12 



20 [0237] In table 2-1 , total transmittance is expressed in a unit of %, moisture permeability is expressed in a unit of g/ 
m 2 /day-40° C-100% RH, oxygen permeability is expressed in a unit of cc/m 2 /day-23° C-90% RH, and output reduction 
ratio is expressed in a unit of %. 

[0238] As obvious from Table 2-1, the protective sheets in Examples 1 to 18 have high total transmittances, respec- 
tively, and are excellent in moisture impermeability and oxygen impermeability. 
25 [0239] The output reduction ratios of the solar battery modules employing the protective sheets in Examples 1 to 18 
were low. 

[0240] The protective sheets in Comparative examples 1 to 3 had high total transmittances, respectively. However, 
the moisture impermeabilities and the oxygen impermeabilities of the protective sheets in Comparative examples 1 to 
3 were low. Consequently, the output reduction ratios of the solar battery modules employing the protective sheets in 

30 Comparative examples 1 to 3 were high. 

[0241] As apparent from the foregoing description, the present invention uses a cyclic polyolefin resin film or sheet 
as a base sheet, fabricates a protective sheet for a solar battery module by forming a transparent, vitreous deposited 
inorganic oxide thin film, such as a silicon oxide thin film or an aluminum oxide thin film, on one of the surfaces of the 
cyclic polyolefin resin film or sheet; the protective sheet thus fabricated is used as the front surface protective sheet 

35 or the back surface protective sheet of a solar battery module; the solar battery module is fabricated by, for example, 
superposing the protective sheet as a front surface protective sheet, a filler layer, a film provided with solar ceils, i.e., 
photovoltaic cells, a filler layer and a back surface protective sheet for a solar battery module in that order in a super- 
posed structure with the deposited inorganic oxide thin film facing inside, bringing the component layers of the super- 
posed structure into close contact by vacuum and bonding together those component layers by a lamination process 

40 using hot pressing; and the protective sheet is excellent in sunlight transmittance, strength, weather resistance, heat 
resistance, water resistance, light resistance, wind endurance, hailstorm resistance, chemical resistance, moisture 
resistance, soil resistance and piercing strength, has a high impermeability to moisture and oxygen, limits performance 
degradation due to aging to the least extent, very durable, has excellent protective ability, and can be used for the 
stable fabrication of a low-cost, safe solar battery module. 

45 [0242] The materials mentioned in the description of the first embodiment are applicable to the second embodiment. 

THIRD EMBODIMENT 

[0243] The present invention will be described hereinafter with reference to the accompanying drawings. 
50 [0244] In this description, the term "sheet" is used in its broad sense to denote both sheets and films, and the term 
"film" is used in its broad sense to denote both sheets and films. 

[0245] Protective sheets in accordance with the present invention for solar battery modules and solar battery modules 
employing the protective sheets will be described with reference to the accompanying drawings. Figs. 10, 11 and 12 
are typical sectional views of protective sheets in examples in a third embodiment according to the present invention 
55 for a solar battery module, and Figs. 13, 14 and 15 are typical sectional views of solar battery modules employing the 
protective sheet shown in Fig. 10. 

[0246] Referring to Fig. 10, a protective sheet A embodying the present invention for a solar battery module has a 
basic structure comprising a plastic sheet (weather-resistant sheet) 1, a deposited inorganic oxide film 2 formed on 
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one of the surfaces of the plastic sheet 1, and a coating film 103 of a condensation polymer produced through the 
hydrolysis of a silicon compound and formed on the deposited inorganic oxide film 2. 

[0247] As shown in Fig. 11 , a protective sheet A, in an example of the third embodiment for a solar battery module 
comprises a plastic sheet 1 , a multilayer film 4 consisting of at least two deposited inorganic oxide films 2 and formed 

s on one of the surfaces of the plastic sheet 1 . and a coating film 1 03 of a condensation polymer produced through the 
hydrolysis of a silicon compound and formed on the deposited inorganic oxide film 2 of the mult.layer film 4. 
As shown in Fig 1 2 a protective sheet A 3 in a third example of the third embodiment for a solar battery module comprises 
a plastic sheet 1 , a composite film 5 consisting of a first deposited inorganic oxide film 2a formed on one of the surfaces 
of the plastic sheet 1 by a chemical vapor deposition process and a deposited inorganic ox.de film 2b formed on the 

m deposited inorganic oxide film 2a by a physical vapor deposition process, and formed on one of the surfaces of the 
plastic film 1 , and a coating film 1 3 of a condensation polymer produced through the hydrolysis of a silicon compound 
and formed on the deposited inorganic oxide film. 

[0248] Those protective sheets are only examples of the protective sheet in the first embodiment and the present 
invention is not limited thereto. 
is [0249] For example, in the protective sheet A 2 shown in Fig. 12, a deposited inorganic oxide film may be formed first 
on the surface of the plastic sheet 1 by a physical vapor deposition process, and then another deposited inorganic 
oxide film may be formed by a chemical vapor deposition process. 

[0250] A solar battery module employing this protective sheet A embodying the present invention and shown in Fig. 
10 will be described by way of example. Referring to Fig. 13. a solar battery module T employs the protective sheet A 
20 shown in Fig 10 as its front surface protective sheet 11. The solar battery module T is fabricated by superposing the 
front surface protective sheet 11 (A), a filler layer 12. a photovoltaic layer 13 of solarcells, a filler layer 14 and a generally 
known back surface protective sheet 1 5 in that order in a superposed structure, and subjecting the superposed structure 
to a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. The coating film 103 of 
25 the front surface protective sheet 11 faces inside. 

[0251] Another solar battery module T, shown in Fig. 14 employs the protective sheet A shown in Fig. 1 as its back 
surface protective sheet 16. The solar battery module T, is fabricated by superposing a generally known front surface 
protective sheet 1 7, a filler layer 1 2, a photovoltaic layer 1 3 of solar cells, a filler layer 1 4 and the back surface protective 
sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to a generally known 
30 forming process, such as a lamination process, in which those component layers of the superposed structure are 
brought into close contact by vacuum and are bonded together by hot pressing. The coating film 103 of the protective 
sheet 16 faces inside. . 
[0252] A third solar battery module T 2 shown in Fig. 1 5 employs the protective sheet A shown in Fig. 1 0 as its front 
surface protective sheet 11 and its back surface protective sheet 16. The solar battery module T 2 is fabricated by 
35 superposing the front surface protective sheet 1 1 (A), a filler layer 1 2, a photovoltaic layer 1 3 of solar cells, a filler layer 
14 and the protective sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to 
a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. The coating film 103 of 
each of the protective sheets 11 and 16 faces inside. 
to [0253] The foregoing protective sheets in accordance with the present invention and the foregoing solar battery 
modules employing those protective sheets are examples intended to illustrate the invention and not to be construed 
to limit the scope of the invention. 

[0254] For example the protective sheets shown in Figs. 1 1 and 1 2 can be applied to solar battery modules of various 
types. The foregoing solar battery modules may comprise additional layers for sunlight absorpt.on, re.nforcement or 
45 \Y\q like 

Basically the plastic sheet (weather-resistant sheet) 1 for forming the protective sheet in accordance with the present 
invention and the solar battery module may be a film or sheet capable of withstanding deposition cond.t.ons for form.ng 
the deposited inorganic oxide film or coating conditions for forming the coating film, excellent in adhes.on to the de- 
posited inorganic oxide film or the coating film, capable of satisfactorily holding the film without adversely affecting the 
50 characteristics of those films, excellent in sunlight transmittance that affect the absorption of sunlight by a solar battery 
and the photovoltaic power generation of a solar battery, excellent in strength, weather resistance, heat resistance, 
water resistance light resistance, wind endurance, hailstorm resistance and chemical resistance, having a high im- 
permeability to moisture and oxygen, limiting performance degradation to the least extent, very durable, and having 
excellent protective ability. 

55 Those resin films or sheets may be those of, for example, polyethylene resins, polypropylene resins, cyclic polyolefin 
resins polystyrene resins, acrylonitrile-styrene copolymers (AS resins), acrylonitrile-butadiene-styrene copolymers 
(ABS resins) polyvinyl chloride resins, fluorocarbon resins poly(meta)acrylic resins, polycarbonate res.ns, polyester 
resins such as polyethylene terephthalate and polyethylene naphthalate, polyamide resins, such as nylons, poly.m.de 
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resins, polyamidimide resins, polyaryl phthalate resins, silicone resins, polysulfone resins, polyphenylene sulfide resins, 
polyester sulfone resins, polyurethane resins, acetal resins, cellulose resins and the like. 

[0255] Sheets of fluorocarbon resins, cyclic polyolefin resins, polycarbonate resins, poly(meta)acrylic resins and 
polyester resins are particularly preferable. 

5 [0256] According to the present invention, it is particularly preferable to use transparent films or sheets of, for exam- 
ple, polytetrafluoroethylene (PTFE), perfluoroalcoxy resins (PFA), i.e., copolymers of tetrafluoroethylene and perfluor- 
oalkylvinyl ether, copolymers of tetrafluoroethylene and hexafluoropropylene (FEP), copolymers of tetrafluoroethylene, 
perfluoroalkylvinyl ether and hexafluoropropylene (EPE), copolymers of tetrafluoroethylene and ethylene or propylene 
(ETFE), polychlorotrifluoroethylene resins (PCTFE) copolymers of ethylene and chlorotrifluoroethylene (ECTFE), vi- 

10 nylidene fluoride resins (PVDF), and one or some of fluorocarbon resins, such as vinyl fluoride resins (PVF). 

[0257] Among those fluorocarbon resin sheets, sheets of polyvinyl fluoride resins (PVF) or copolymers of tetrafluor- 
oethylene and ethylene or propylene (ETFE) are particularly preferable from the view point of transparency and sunlight 
transmittance. 

[0258] According to the present invention, it is particularly preferable to use cyclic polyolefin resin sheets of, for 
15 example, cyclopentadiene and its derivatives, dicyclopentadiene and its derivatives, cyclohexadiene and its derivatives, 

norbornadiene and its derivatives, polymers of cyclic diene monomers, and copolymers of cyclic diene monomers and 

one or some of propylene, 4-methyl-1-pentene, styrene, butadiene, isoprene and olefin monomers. 

According to the present invention, it is particularly preferable to use, among the foregoing transparent cyclic polyolefin 

resin sheets, transparent cyclic polyolefin sheets of cyclopentadiene and its derivatives, dicyclopentadiene and its 
20 derivatives or polymers or copolymers of cyclic diene monomers, such as norbornadiene and its derivatives, because 

those sheets are excellent in weather resistance and water resistance, are highly transparent and have high sunlight 

transmittance. 

[0259] The protective sheets of the solar battery modules using the fluorocarbon resin sheet or the cyclic polyolefin 
resin sheet utilize the excellent properties of the fluorocarbon resin sheet or the cyclic polyolefin resin sheet including 

25 mechanical properties, chemical properties and optical properties, more concretely, weather resistance, heat resist- 
ance, water resistance, light resistance, moisture resistance, soil resistance, chemical resistance and the like. The 
protective sheet is equal in optical properties, durability and protective ability to a glass sheet commonly used as a 
protective sheet, has satisfactory mechanical properties including flexibility, and chemical properties, and is lighter than 
the glass sheet, excellent in workability and easy to handle. 

30 [0260] According to the present invention, the resin films or sheets may be formed of, for example, one or some of 
the foregoing resins by a film forming process, such as an extrusion process, a casting process, a T-die extrusion 
process, a cutting process, an inflation process or the like, may be multilayer films or sheets of two or more kinds of 
the foregoing resins formed by a coextrusion process, or may be films or sheets formed by subjecting a mixture of a 
plurality of kinds of the foregoing resins to a film forming process. When necessary, the resin films or sheets may be 

35 uniaxially or biaxially oriented films or sheets formed by subjecting resin films or sheets to a uniaxial or biaxial orientation 
process of a tenter system or a tubular film system. 

[0261 ] The thickness of the resin films or sheets is in the range of about 1 2 to about 300 u.m, preferably, in the range 
of about 20 to about 200 um. 

[0262] It is desirable that the resin films or sheets of the present invention have a visible light transmittance of 90% 
40 or above, preferably, 95% or above and a property to transmit all incident sunlight and to absorb the same. 

[0263] When forming the resin films each of one or a plurality of the resins, various compounding ingredients and 
additives may be added to the resin or resins to improve the workability, heat resistance, weather resistance, mechanical 
properties, dimensional stability, oxidation resistance, slipperiness, releasability, flame retardancy, antifungal property, 
electric properties and the like. The amount of each of the compounding ingredients and the additives is in the range 
45 of a very small percent to several tens percent and may optionally be determined according to the purpose. 

[0264] The resins may contain commonly known additives, such as a lubricant, a crosslinking agent, an oxidation 
inhibitor, an ultraviolet absorber, a light stabilizer, a filler, a reinforcing material, a stiffener, an antistatic agent, a flame 
retarder, a flame-resistant agent, a foaming agent, an antifungus agent, a pigment and the like. The resins may further 
contain modifiers. 

50 [0265] When necessary, a surface-treated layer 3 (Fig. 10) may be formed in a surface of each of the resin films or 
sheets before forming a deposited inorganic oxide film on the surface to improve adhesion between the resin films or 
sheets and a deposited inorganic oxide film. 

[0266] According to the present invention, the composite resins may contain, for example, an ultraviolet absorber 
and/or an oxidation inhibitor to improve the light resistance and the like, may contain, for example, an ultraviolet ab- 
55 sorber and/or an oxidation inhibitor to improve the light resistance and the like. 

[0267] Description will be given of the coating film of a condensation polymer produced through the hydrolysis of a 
silicon compound, employed in the protective sheet in accordance with the present invention for a solar battery module 
and a solar battery module. When forming the coating film, a material containing a silicon compound as a principal 
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component or a solution of the material prepared by dissolving the material in an appropriate solvent, such as ethanol 
or isopropanol, is brought into contact with a stoichiometrically necessary amount of water or an amount of water 
greater by one or several parts than the stoichiometrically necessary amount for hydrolysis to prepare a condensation 

polymer. , ^ 

5 [0268] Preferably, the hydrolysis is carried out at a temperature in the range of -20 to 1 30° C, more preferably, in the 
range of 0 to 30° C or at a temperature corresponding to the boiling point of the selectively used solvent. 
[0269] The most proper method of bringing the material into contact with water is dependent particularly on the 
reactivity of the material. 

[0270] The solution of the material may be dropped at long intervals into a surplus amount of water or the necessary 
10 amount of water may be added at a time or in a series of times to the solution prepared by selectively dissolving the 
material. 

[0271] It is advantageous to introduce water into the reactive mixture by means of an organic or an inorganic solvent 
containing water instead of adding water to the reactive mixture. 

[0272] It is known that the introduction of water into the reactive mixture by using a molecular sieve, and an organic 
15 solvent containing water, such as 30% ethanol, is particularly proper for most cases. 

[0273] Water can be added to the reactive mixture by using a reaction that produces water, such as a reaction for 
producing an ester from an acid and an alcohol. 

[0274] Suitable materials as the solvent, in addition to the effective lower aliphatic alcohols, are ketones, preferably, 
lower dialkyl ketones, such as acetone, and methyl isobutyt ketone, esters, preferably, lower dialkyl ethers, such as 
20 diethyl ether, tetrahydrofuran (THF), amides, esters including ethyl acetate, dimethyl formamide and mixtures of the 
same. 

Condensation polymerization by hydrolysis may selectively using a catalyst, such as a compound that discharges 
protons or hydroxyl ions, or an amine. 

[0275] Suitable materials as the catalyst are organic or inorganic acids, such as hydrochloric acid and acetic acid, 
25 ammonia alkaline metal and alkaline earth hydroxides, such as organic or inorganic salts including sodium hydroxide, 
potassium hydroxide and calcium hydroxide, and amines soluble in a reactive medium, such as lower alkylammes and 
alkanol amines. 

[0276] Volatile acids and bases, such as ammonia and triethylamine, are particularly preferable. 
[0277] The concentration of the catalyst may be 3 mol per liter at the greatest. 
30 [0278] A mixture of all the source compounds need not necessarily be prepared before starting hydrolysis (conden- 
sation polymerization). Actually, in a specific case, it is advantageous to bring some of the source compounds into 
contact with water in an initial stage of hydrolysis, and then to bring the rest later into contact with water. 
[0279] To reduce precipitation to the least possible extent, it is preferable to add water in several steps, for example, 
in three steps. 

35 [0280] In the first step, 1/10 to 1/20 of the amount of water stoichiometrically necessary for hydrolysis is added to 
the source material. 

[0281] After stirring a mixture of the source materials and water for a short time, 1/5 to 1/10 of the amount of water 
stoichiometrically necessary for hydrolysis is added to the mixture, the mixture is stirred for a sort time, and an amount 
of water is added to the mixture so that the total amount of water added to the source material is a little greater than 
40 the stoichiometric amount. 

Time necessary for condensation polymerization by hydrolysis is dependent on the source materials, the concentrations 
of the source materials, the catalyst, reaction temperature and the like. 

[0282] Generally, the reaction process for condensation polymerization by hydrolysis is conducted at atmospheric 
pressure. The reaction process may be conducted at a higher-than-atmospheric pressure or at a reduced pressure. 
45 [0283] After all the predetermined amount of water has been added to the source materials, it is preferable to prepare 
a composite material comprising a condensation polymer produced through the hydrolysis of a silicon compound, by 
stirring the mixture for a long time in the range of two to three hours at room temperature or at a temperature slightly 
higher than room temperature. 

[0284] According to the present invention, the composite material thus prepared is applied to or printed on the surface 
so of the deposited inorganic oxide film in a composite material film, the composite material film is dried and aged to form 
the coating film. The composite material film may be formed by any one of coating processes including a floating-knife 
coating process, a knife-over-roll coating process, an inverted knife coating process, a squeeze roll coating process, 
a reverse roll coating process, a roll coating process, a gravure roll coating process, a kiss-roll coating process, an air 
blade coating process, a dip coating process, a flow coating process, a spin coating process, a spray coating process, 
55 a bar coating process, a curtain-flow coating process and the like, or any one of printing processes including a gravure 
printing process, an offset printing process, a silk-screen printing process, a transfer printing process and the like. 
[0285] The desirable thickness of the coating film as dried is in the range of 0.2 to 50 g/m 2 , more preferably, in the 
range of 1.0 to 25 g/m 2 . 
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[0286] When curing the coating film of the composite material comprising the condensation polymer produced 
through the hydrolysis of silicon oxide, by a heating means or by irradiation with ionizing radiation, it is preferable that 
the composite material comprising the condensation polymer produced through the hydrolysis of silicon oxide contain 
an initiator. 

5 [0287] The initiator may be a commercially available photopolymerization initiator. 

[0288] Possible initiators are photoreaction initiators commercially available from ciba-Geigy, Switzerland including 
IRUGACURE 185 (1-hydroxycyclohexyl phenyl ketone), IRUGACURE 500 (1-hydroxycyclohexyl phenyl ketone + ben- 
zophenone) and the like, GLOCURE 1173, 1116, 1396, 1274 and 1020 commercially available from Merk, Switzerland, 
benzophenone, 2-chlorothioxanethene, 2-methylthioxanthone, 2-isopropylthioxanthone, benzoin, 4,4-dimethoxyben- 

10 zoin, benzoin ethyl ether, benzoin isopropyl ether, benzoin dimethyl ether, 1 .1 ,1-trichloroacetophenone, diethoxyace- 
tophenone and dibenzosuberon. 

[0289] Particularly suitable thermal reaction initiators are diacyl peroxide, peroxydicarbonate, alkylperoxy ester, di- 
alkyl peroxide, peroxy ketal, ketone peroxide and alkylperoxide organic peroxides. 

[0290] Particularly preferable thermal reaction initiators are dibenzoil peroxide, perbenzoic tert-butyl and azobi- 
15 sisobutytonitrile. 

[0291] Naturally, an ionic polymerization initiator may be used. 

[0292] Particularly, a UV initiator that initiates cationic polymerization reaction is effective with compound including 

R' groups having epoxy groups, such as glycidyl oxypropyl trimethoxysilane, and expressed by general formula (1). 

[0293] In most cases, the result of curing by cations is more satisfactory than that of curing by a free radical initiator 
20 under the same conditions. 

[0294] The composite material may contain an ordinary amount of initiator. For example, a composite substance 

containing 30 to 50% by weight of solid content may contain 0.5 to 2% by weight (to the total weight) of initiator. 

[0295] According to the present invention, the coating film formed by application or printing is cured after drying. 

[0296] The coating film may be cured by a know process depending on the type of the initiator contained therein, 
25 such as a heating process or an irradiation process using a UV lamp, a laser or the like. 

[0297] It is known that a thermal curing process is particularly advantageous to curing a coating film including R* 

groups having epoxy groups and an irradiation curing process, in most cases, is advantageous to curing a coating film 

containing R' groups having unsaturated C-C bonds. 

[0298] According to the present invention, a silicon compound or silicon compounds expressed by R'SiR 3 , where R" 
30 denotes a group stable to hydrolysis and capable of being polymerized by heat and/or ionizing radiation, and R denotes 
an OH group and/or a group subject to hydrolysis. 

[0299] It is desirable that R* of the general formula R'SiR 3 is an epoxy atomic group or a group including an atomic 
group having a C-C double bond. 

[0300] A glycidyl oxyalkyl group, particularly, a glycidyl oxyalkyl group having an alkyl part having one to four carbon 
35 atomic groups is an example of the group including an epoxy atomic group. Particularly preferable group is a y-glycidyl 
oxypropyl group. 

[0301] Preferably, the group R' of the general formula R*SiR 3 , having an atomic group having a C-C double bond is 
selectively substituted alkenyl and alkynyl groups, such as a straight chain, a side chain or a cyclic group having 2 to 
20, preferably, 2 to 10 carbon atoms and at least one C-C double bond. Particularly preferable groups as the group R* 
to are lower alkenyl groups, such as vinyl, 1- and 2-propenyl, butenyl, isobutenyl, phenyl vinyl and propargyl, or groups 
including atomic groups including an alkynyl group, a methacryl group or an acrylic group. 

[0302] In the general formula R'SiR 3 , R is, for example, hydrogen, a halogen, an alkoxy group, a hydroxyl group, or 
an alkynylcarbonyl group. 

[0303] According to the present invention, particularly preferable groups are , for example, a methoxy group, an 
45 ethoxy group, an n-propoxy group, an i-propoxy group, a sec-butoxy group, a tert-butoxy group, an isobutoxy group, 
a p-methoxyethoxy group, an acetyloxy group, a propionyloxy group, a monomethylamino group, a monoethylamino 
group, a dimethylamino group, a diethylamino group, an N-ethylanilino group, a methylcarbonyl group, an ethylcarbonyl 
group, a methoxycarbonyl group, an ethoxycarbonyl group and the like. 

[0304] The group R of the general formula R'SiR 3 does not remain in the final product, is decomposed by hydrolysis, 
50 and the product of hydrolysis must be removed immediately or later by an appropriate method. Therefore, a group not 
having any substituent and capable of being hydrolyzed into a lower alcohol of a low molecular weight, such as meth- 
anol, ethanol propanol or butanol, is particularly preferable as the group R. 

The silicon compound expressed by the general formula R'SiR 3 may be used in an entirely or partly condensed form, 
i.e., in a compound produced by the partial hydrolysis of the silicon compound, individually or in combination with 
55 another hydrolyzable compound, such as an organometallic compound. 

[0305] Preferably, such an oligomer is a partially condensed substance soluble in a reaction medium, having the 
shape of a straight or cyclic chain, a low molecular weight and a condensation degree in the range of, for example, 
about 2 to 100. more preferably, in the range of about 2 to 6, such as polyorganosiloxane. 
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[03061 Specific examples of substances capable of being effectively used as the silicon compound expressed by the 
general formula R'SiR 3 are Y-(meta)acryloxypropyl trimethoxysilane, vinyl trichlorosilane, vinyl trimethoxystlane, vinyl 
triethoxysilane, vinyl tris(P-methoxyethoxy)silane and 7-glycidyl oxypropyl trimethoxysilane. 

[0307] Preferably, the silicon compound expressed by the general formula R'SiR 3 is not used individually. Preferably, 
5 the silicon compound is mixed with one or some of organometallic compounds expressed by general formula MF^ f 
where M denotes an element, such as silicon, aluminum, titanium, zirconium, vanadium, boron and tin, R denotes an 
OH group and/or a easily hydrolyzable group and n denotes the valence of the metallic element, that is generally used 
for producing glass and ceramic materials, and the compounds are converted into hydrates of corresponding oxides 
by hydrolysis preferably, complete hydrolysis. 
10 [0308] A metallic element contained in the organometallic compound expressed by the general formula MR„ is, for 
example, silicon, aluminum titanium, zirconium, vanadium, boron or tin. It goes without saying that the present invention 
may use an organometallic compound containing a metallic element other than those mentioned above. 
[0309] In the organometallic compound expressed by the general formula MR„, R may be either the same or different 
and may be defined similarly to the R of the general formula R*SiR 3 expressing the silicon compound. 
15 [0310] Preferably, the organometallic compound expressed by the general formula MR,, and the silicon compound 
expressed by the general formula R'SiR 3 are used in a mixture having the molar ratio of the organometallic compound 
to the silicon compound in the range of 1 : 99 to 99 : 1 . 

[0311] The material forming the coating film of the present invention may contain, in addition to the silicon compound 
expressed by the general formula R*SiR 3 and the organometallic compound expressed by the general formula MR,,, 

20 one or some kinds of resins having hydrogen bond forming groups as a binder or binders. 

Possible resins having hydrogen bond forming groups are, for example, polymers having hydroxyl groups and their 
derivatives such as polyvinyl alcohol, polyvinyl acetal, ethylene-vinyl alcohol copolymers, phenolic resins, methylol 
melamine resins and their derivatives, polymers having carboxyl groups and their derivatives, such as polymers or 
copolymers of polymerizing unsaturated acids including po!y(meta)acrylic acid, maleic anhydride and itacon.c acid, 

25 and their esters, such as polymers or copolymers of vinyl esters including vinyl acetate, (meta)acrylic acid esters 
including methyl methacrylate, polymers having ether bonds, such as polyalkylene oxide, polyoxyalkylene glycol and 
polyvinyl ether silicone resins, polymers having amide bonds, such as a >N(COR) bond (R is hydrogen atom, an alkyl 
group which may have a substituent or an aryl group which may have a substituent), polyvinyl pyrrol.done having a 
>N(0) bond and its derivatives, polyurethane resins having urethane bonds, polymers having urea bonds and polymers 

30 having amide bonds. 

[031 2] According to the present invention, the resin having hydrogen bond forming groups may be used with a mixture 
of the silicon compound expressed by the general formula R*SiR 3 and the organometallic compound expressed by the 
general formula MR n and the amount of the resin having hydrogen bond forming groups to be used is such that the 
weight ratio of the resin having hydrogen bond forming groups to the mixture of the silicon compound and the organo- 
35 metallic compound is in the range of 1 : 99 to 99 : 1 , preferably, 5 : 30. 

Examples 

[0313] Examples of the third embodiment will be described hereinafter. 
EXAMPLE 1 
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[0314] 

45 (1) A roll of a 50 u.m thick polyvinyl fluoride sheet (PVF sheet) was mounted on a feed roll of a plasma chemical 

vapor deposition system. A 50 A thick deposited silicon oxide thin film as a deposition-resistant protective film was 
deposited on a treated surface of the polyvinyl fluoride sheet treated for adhesion improvement under the following 
deposition condition. 

Deposition conditions: 



50 



Reaction gas mixing ratio: Hexamethyldicyloxane: Oxygen: Helium = 5:5:5 (Unit: slm) 
Vacuum in vacuum chamber: 7.5x10~ 6 mbar 
Vacuum in deposition chamber: 3.8x10* 2 mbar 
Power supplied to cooling electrode drum: 15 kW 
55 Sheet moving speed: 100 m/min 

(2) A roll of the 50 urn thick polyvinyl fluoride sheet (PVF sheet) provided with the deposition-resistant protective 
film was mounted on the feed roll of a plasma chemical vapor deposition system, and a 800 A thick deposited 
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silicon oxide thin film was deposited on the deposition-resistant protective film of the polyvinyl fluoride sheet under 
the following deposition conditions. 
Deposition conditions 

5 Reaction gas mixing ratio: Hexamethyldicyloxane : Oxygen : Helium = 5 : 10 : 10 (Unit: slm) 

Vacuum in vacuum chamber: 5.0x1 0* 6 mbar 
Vacuum in deposition chamber: 6.0x1 0* 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
Sheet moving speed: 80 m/min 

The 800 A thick deposited silicon oxide film formed on the surface of the polyvinyl fluoride sheet was subjected 
to a corona discharge process to form a corona-processed surface and to increase the surface tension of the 
deposited silicon oxide film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet was 
moved at a moving speed of 100 m/min. 

(3) Then, 25% by mole aluminum sec-butyrate was dropped at long intervals into a mixture of 45% by mole meth- 
acryl oxypropyl trimethoxysilane and 30% by mole methyl trimethoxysilane heated at room temperature while the 
mixture was stirred moderately. After all aluminum sec-butyrate had been dropped, the mixture was stirred for five 
minutes and was cooled to 15° C. 

An amount of water equal to 1/15 of an amount was water necessary for complete hydrolysis was dropped 
into the mixture while the mixture was stirred. 

The mixture was stirred for additional five minutes, and then was cooled to 8° C. 
Hydrolysis was completed and a coating composite material was prepared. 

The coating composite material thus prepared was applied by a gravure roll coating process to the corona- 
processed surface of the deposited silicon oxide film formed in (2) in a coating film, the coating film was dried at 
120° C for 1 hr to form a coating film of 1.0 g/m 2 (dry state) in coating rate. Thus a protective sheet in accordance 
with the present invention for a solar battery module was fabricated. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 ujn thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 (im 
thick ethylene-vinyl acetate copolymer sheet and a 50 jim thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the coating film of the protective sheet facing inside and the surface of the 38 
u.m thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous silicon solar cells 
facing the front surface protective sheet. Those component layers were laminated by using adhesive layers of an 
acrylic resin to complete a solar battery module. 

(5) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 pm thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer was used instead of the 50 u.m thick polyvinyl fluoride sheet (PVF sheet). 

EXAMPLE 2 

40 

[0315] 

(1) A roll of a 50 u.m thick polyvinyl fluoride film was mounted on a feed roll of a continuous vacuum evaporation 
system. The 50 um thick polyvinyl fluoride film was unwound and wound around a coating drum. A 800 A thick 
45 deposited aluminum oxide film was deposited on the deposition-resistant protective film of the polyvinyl fluoride 

sheet under the following conditions by a reactive evaporation process of an electron beam (EB) heating system, 
in which aluminum was used as an evaporation source and oxygen gas was supplied to the continuous vacuum 
evaporation system. 

Deposition conditions: 

50 

Evaporation source: Aluminum 
Vacuum in vacuum chamber: 7.5x1 0* 6 mbar 
Vacuum in deposition chamber: 2.1 X10 -6 mbar 
EB power: 40 kW 
55 Film moving speed: 600 m/min 

Subsequently, the 800 A thick deposited aluminum oxide film formed on the surface of the polyvinyl fluoride 
sheet was processed by a glow-discharge plasma process to form a plasma-processed surface. The glow-dis- 
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charge plasma process was carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma 
output immediately after the deposition of the 800 A thick deposited aluminum oxide film. In the glow-discharge 
plasma process, an oxygen/argon mixed gas of 1 9/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/ 
argon mixed gas is maintained at 6x1 0~ 5 torr and the processing speed was 420 m/min. 
5 (2) A mixture of 25 g of ethyl silicate, 25 g of ethanol, 86 g of 2N hydrochloric acid and 1 .51 g of water was heated 

at 80° C and was stirred for 1 to 2 hr. 

The molar ratio of ethyl silicate to water of the mixture was 1:1:51. 

Then, 2.5 g of epoxy silane (SH6040, Commercially available from Toray-Dou Corning) was added to the 
mixture and the mixture was stirred. 
10 Then, 1.7 g of a 10% polyvinyl alcohol aqueous solution (polyvinyl alcohol having a polymerization degree of 

2000 available from Kuraray) was added to the mixture and the mixture was stirred for 1 to 2 hr. When the mixture 
turned transparent, 0.1 g of 32% by weight N,N-dimethylbenzylamine ethanol solution was added to prepare a 
composite coating material. 

The coating composite material thus prepared was applied to the plasma-processed surface of the deposited 
15 aluminum oxide film formed in (1 ) by a gravure roll coating process in a film of 1 .0 g/m2 in coating rate to complete 

a protective sheet for a solar battery module. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 *im thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u/n 

20 thick ethylene-vinyl acetate copolymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film 

were superposed in that order with the coating film of the front surface protective sheet facing inside and the 
surface of the 38 urn thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet. Those component layers were laminated by using 
adhesive layers of an acrylic resin to complete a solar battery module. 

25 (4) Another protective sheet in accordance with the present invention and another solar battery module of the 

same components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 u.m thick polyvinyl fluoride sheet 
(PVF sheet). 

30 EXAMPLE 3 

[0316] 

(1) A roll of a 50 urn thick polyvinyl fluoride film (PVF film) was mounted on a feed roll of a plasma chemical vapor 
35 deposition system. A 500 A thick deposited silicon oxide thin film was deposited on one of the surfaces of the 

polyvinyl fluoride film under the following conditions. 
Deposition conditions: 

Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 1/10/10 (Unit: slm) 
40 Vacuum in vacuum chamber: 5.0x1 0 6 mbar 

Vacuum in deposition chamber: 6.0x1 0~ 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
Film moving speed: 80 m/min 
Surface for deposition: Corona-processed surface 

45 

The surface of the 500 A thick deposited silicon oxide thin film formed on the polyvinyl fluoride film was sub- 
jected to a corona discharge process to form a corona-processed surface and to increase the surface tension of 
the deposited silicon oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet 
was moved at a moving speed of 100 m/min. 

50 (2) A roll of the polyvinyl fluoride film provided with the corona-processed deposited silicon oxide thin film was 

mounted on a feed roll of a continuous vacuum evaporation system. The polyvinyl fluoride filmwas unwound and 
wound around a coating drum and a 500 A thick deposited aluminum oxide thin film was deposited on the corona- 
processed surface of the deposited silicon oxide thin film formed on the polyvinyl fluoride film by a reactive vacuum 
evaporation process of an electron beam (EB) heating system. Aluminum was used as an evaporation source and 

55 oxygen gas was supplied to the continuous vacuum evaporation system. 

Deposition conditions: 

Evaporation source: Aluminum 
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Vacuum in vacuum chamber: 7.5X10/ 6 mbar 
Vacuum in deposition chamber 2.1 X10 -6 mbar 
EB power: 40 kW 
Film moving speed: 600 m/min 

5 

A protective sheet in accordance with the present invention for a solar battery module was completed by 
subjecting the 500 A thick deposited aluminum oxide thin film formed on the surface of the polyvinyl fluoride sheet 
to a glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma process 
was carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output immediately after 
10 the deposition of the 500 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, an 

oxygen/argon mixed gas of 19/1 in O^Ar ratio was supplied so that the pressure of the oxygen/argon mixed gas 
is maintained at 6x1 Or 5 torr and the processing speed was 420 m/min. 

(3) The plasma-processed surface of the deposited aluminum oxide film formed in (2) was coated with a film of 
the composite coating material prepared in Example 1. The film of the composite coating material was dried at 

15 120° C for 1 hr to form a coating film of 1.0 g/m 2 (dry state) in coating rate to complete a protective sheet in 

accordance with the present invention for a solar battery module. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u>m thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u.m 

20 thick ethylene-vinyl acetate copolymer sheet and a 50 urn thick biaxially oriented polyethylene terephthalate film 

were superposed in that order with the coating film facing inside and the surface of the 38 u.m thick polyethylene 
terephthalate film provided with the array of amorphous silicon solar cells facing the front surface protective sheet. 
Those component layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery 
module. 

25 (5) Another protective sheet in accordance with the present invention and another solar battery module of the 

same components were fabricated by the same processes, except that a 50 u.m thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) containing an ultraviolet absorber was used instead of the 50 
jim thick polyvinyl fluoride film (PVF film) containing an ultraviolet absorber. 

30 EXAMPLE 4 

[0317] 

(1 ) A roll of a 50 u.m thick polyvinyl fluoride sheet (PVF sheet) was mounted on a feed roll of a continuous vacuum 
35 evaporation system. The polyvinyl fluoride sheet was unwound and wound around a coating drum. A 50 A thick 

deposited aluminum oxide thin film as a deposition-resistant protective film was deposited on a treated surface of 
the polyvinyl fluoride film treated for adhesion improvement by a reactive vacuum evaporation process of an elec- 
tron beam (EB) heating system under the following conditions. 
Deposition conditions: 

40 

Evaporation source: Aluminum 
Vacuum in vacuum chamber: 7.5x1 0 -6 mbar 
Vacuum in deposition chamber: 2.1 X10 -6 mbar 
EB power: 20 kW 
45 Film moving speed: 500 m/min 

(2) A 800 A thick deposited aluminum oxide film was formed by a method similar to that of (2) of Example 2 on 
the deposition-resistant protective film, i.e., the deposited aluminum oxide film, of the 50u.m thick polyvinyl fluoride 
sheet by a reactive vacuum evaporation process of an electron beam (EB) heating system. The surface of the 

50 deposited aluminum oxide film was subjected to a plasma process to form a plasma-processed surface. 

(3) The plasma-processed surface of the deposited aluminum oxide film formed in (2) was coated with a film of 
the composite coating material prepared in Example 2 by a gravure roll coating process. The film of the composite 
coating material was dried at 120° C for 1 hr to form a coating film of 2.0 g/m 2 (dry state) in coating rate to complete 
a protective sheet in accordance with the present invention for a solar battery module. 

55 (4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 

sheet. The front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 jim 
thick ethylene-vinyl acetate copolymer sheet and a 50 thick biaxially oriented polyethylene terephthalate film 
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were superposed in that order with the coating film facing inside and the surface of the 38 u.m thick polyethylene 
terephthalate film provided with the array of amorphous silicon solar cells facing the front surface protective sheet. 
Those component layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery 
module. 

5 (5) Another protective sheet in accordance with the present invention and another solar battery module of the 

same components were fabricated by the same processes, except that a 50 u.m thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 urn thick polyvinyl fluoride sheet 
(PVF sheet). 

10 EXAMPLE 5 

[0318] 

(1) Protective sheets that are the same as the protective sheet in Example 1 were used as the front surface pro- 
15 tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, 
a 38 u.m thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 u.m thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the coating films of the front surface and the back surface protective sheet facing inside and with the surface 

20 of the 38 u.m thick polyethylene terephthalate film provided with the solar cells facing the front surface protective 

sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 50 u.m thick fluorocarbon resin sheets of an 
ethylene-tetrafluoroethylene copolymer (ETFE) were used instead of the 50 ujti thick polyvinyl fluoride sheets 

25 (PVF sheet). 

EXAMPLE 6 
[0319] 

30 

(1) Protective sheets that are the same as the protective sheet in Example 2 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
35 cells, a 400 u.m thick ethyiene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 

with the coating films of the front surface and the back surface protective sheet facing inside and with the surface 
of the 38 u.m thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 
the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

40 (2) Protective sheets in accordance with the present invention and another solar battery module of the same 

components were fabricated by the same processes, except that 50 u.m thick fluorocarbon resin sheets of an 
ethylene-tetrafluoroethylene copolymer (ETFE) were used instead of the 50 urn thick polyvinyl fluoride sheets 
(PVF sheet). 

45 EXAMPLE 7 

[0320] 

(1) Protective sheets that are the same as the protective sheet in Example 3 were used as the front surface pro- 
50 tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 tim thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the coating films of the front surface and the back surface protective sheet facing inside and with the surface 

55 of the 38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 

the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
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components were fabricated by the same processes, except that 50 um thick fluorocarbon resin sheets of an 
ethylene-tetrafluoroethylene copolymer (ETFE) containing an ultraviolet absorber were used instead of the 50 um 
thick polyvinyl fluoride sheets (PVF sheets) containing the ultraviolet absorber. 

5 EXAMPLE 8 

[0321] 

(1) Protective sheets that are the same as the protective sheet in Example 4 were used as the front surface pro- 
10 tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, 
a 38 um thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the coating films of the front surface and the back surface protective sheet facing inside and with the surface 

15 of the 38 ^im thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 

the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 50 um thick fluorocarbon resin sheets of an 

20 ethylene-tetrafluoroethylene copolymer (ETFE) were used instead of the 50 um thick polyvinyl fluoride sheets 

(PVF sheets). 

EXAMPLE 9 

25 [0322] 

(1 ) A protective sheet that is the same as the protective sheet in Example 1 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 3 mm thick glass sheet, 
a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented polyethylene terephthalate 
30 film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene-vinyl acetate copolymer sheet 

and the back surface protective sheet in that order with the coating film of the back surface protective sheet facing 
inside and with the surface of the 38 |im thick polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the 3 mm thick glass sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

35 (2) A protective sheet in accordance with the present invention and another solar battery module of the same 

components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of an 
ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 um thick polyvinyl fluoride sheet (PVF 
sheet). 

40 EXAMPLE 10 

[0323] 

(1 ) A protective sheet that is the same as the protective sheet in Example 2 was used as the back surface protective 
45 sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 um thick polyvinyl 

fluoride sheet (PVF sheet), a 400 |im thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene- 
vinyl acetate copolymer sheet and the back surface protective sheet in that order with the coating film of the back 
surface protective sheet facing inside and with the surface of the 38 um thick polyethylene terephthalate film pro- 
50 vided with the array of amorphous silicon solar cells facing the 50 um thick polyvinyl fluoride sheet, and laminating 

those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of an 
ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 um thick polyvinyl fluoride sheet (PVF 

55 sheet). 
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EXAMPLE 11 
[0324] 

5 ( 1 ) A protective sheet that is the same as the protective sheet in Example 3 was used as the back surface protective 

sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 u.m thick polyvinyl 
fluoride sheet (PVF sheet), a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 ^m thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene- 
vinyl acetate copolymer sheet and the back surface protective sheet in that order with the coating film of the back 

w surface protective sheet facing inside and with the surface of the 38 u.m thick polyethylene terephthalate film pro- 

vided with the array of amorphous silicon solar cells facing the 50 um thick polyvinyl fluoride sheet, and laminating 
those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of an 
15 ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 urn thick polyvinyl fluoride sheet (PVF 

sheet). 

EXAMPLES 12 to 15 

20 [0325] Front surface protective sheets in accordance with the present invention and solar battery modules of the 
same components as those of Example 1 were fabricated by the same processes by using plastic sheets in Examples 
12 to 15 instead of the 50 u.m thick polyvinyl fluoride sheet (PVF sheet). 

Example 12: 100 u.m thick polydicyclopentadiene resin sheet 
25 Example 13: 100 p,m thick polycarbonate resin sheet 

Example 14: 100 u.m thick polyacrylic resin sheet 
Example 15: 100 u.m thick polyethylene terephthalate resin sheet 



30 



EXAMPLES 16 to 19 



[0326] Front surface protective sheets in accordance with the present invention and solar battery modules of the 
same components as those of Example 2 were fabricated by the same processes by using plastic sheets in Examples 
16 to 19 instead of the 50 u.m thick polyvinyl fluoride sheet (PVF sheet). 

35 Example 16: 100 \im thick polydicyclopentadiene resin sheet 

Example 17: 100 ujti thick polycarbonate resin sheet 
Example 18: 100 jam thick polyacrylic resin sheet 
Example 19: 100 u.m thick polyethylene terephthalate resin sheet 

40 EXAMPLE 20 

[0327] 

(1) A 500 A thick deposited silicon oxide film was formed on a surface of a 50 u.m thick polyvinyl fluoride sheet 
45 (PVF sheet) by a radio-frequency induction heating process, in which 99.9% pure silicon monoxide (SiO) was 

evaporated in a vacuum of 1 x 10 -4 torr. 

Subsequently, the surface of the 500 A thick deposited silicon oxide film formed on the polyvinyl fluoride sheet 

was subjected to a corona discharge process to increase the surface tension of the same from 35 dyne to 60 dyne. 

Corona discharge power was 10 kW and the sheet was moved at a moving speed of 100 m/min. 
50 (2) The coating composite material prepared in Example dl was applied to the corona-processed surface of the 

deposited silicon oxide film by a gravure roll coating process in a coating film, the coating film was dried at 120° 

C for 1 hr to form a coatinHg film of 1 .0 g/m 2 (dry state) in coating rate. Thus a protective sheet in accordance with 

the present invention for a solar battery module was fabricated. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
55 sheet. The front surface protective sheet, a 400 \im thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick 

biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u.m 
thick ethylene-vinyl acetate copolymer sheet and a 50 urn thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the coating film facing inside and the surface of the 38 urn thick biaxially oriented 
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polyethylene terephthalate film provided with the solar cells facing the front surface protective sheet. Those com- 
ponent layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 
(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of 
5 an ethylene-vinyl acetate copolymer containing an ultraviolet absorber was instead of the 50 u.m thick polyvinyl 

fluoride sheet (PVF sheet) containing an ultraviolet absorber. 

EXAMPLE 21 

10 [0328] 

(1 ) A roll of the 50 u.m thick polyvinyl fluoride sheet (PVF sheet) was mounted on the feed roll of a plasma chemical 
vapor deposition system, and a 800 A thick deposited silicon oxide thin film was deposited on one of the surfaces 
of the polyvinyl fluoride sheet under the following deposition conditions. 

15 Deposition conditions 

Reaction gas mixing ratio: Hexamethyldicyloxane : Oxygen : Helium =1:10:10 (Unit: slm) 
Vacuum in vacuum chamber: 5.0X10" 6 mbar 
Vacuum in deposition chamber: 6.0x1 0" 2 mbar 
20 Power supplied to cooling electrode drum: 20 kW 

Sheet moving speed: 80 m/min 

The 800 A thick deposited silicon oxide film formed on the surface of the polyvinyl fluoride sheet was subjected 
to a corona discharge process to form a corona-processed surface and to increase the surface tension of the 
25 deposited silicon oxide film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet was 

moved at a moving speed of 100 m/min. 

(2) The coating composite material prepared in Example 1 was applied by a gravure roll coating process to the 
corona-processed surface of the deposited silicon oxide film in a film. The film was dried at 120° C for 1 hr to form 
a coating film of 1 .0 g/m 2 (dry state)in coating rate. Thus a protective sheet in accordance with the present invention 

30 for a solar battery module was fabricated. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 fim thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 jim 
thick ethylene-vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film 

35 were superposed in that order with the coating film of the front surface protective sheet facing inside and the 

surface of the 38 u,m thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet. Those component layers were laminated by using 
adhesive layers of an acrylic resin to complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
40 same components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of 

an ethylene-tetrafluoroethylene copolymer was used instead of the 50 um thick polyvinyl fluoride sheet (PVF sheet). 

EXAMPLE 22 
45 [0329] 

(1) A roll of a 50 u.m thick polyvinyl fluoride film was mounted on a feed roll of a continuous vacuum evaporation 
system. The 50 u.m thick polyvinyl fluoride film was unwound and wound around a coating drum. A 800 A thick 
deposited aluminum oxide film was deposited on one of the surfaces of the of the polyvinyl fluoride sheet under 
50 the following conditions by a reactive evaporation process of an electron beam (EB) heating system, in which 

aluminum was used as an evaporation source and oxygen gas was supplied to the continuous vacuum evaporation 
system. 

Deposition conditions: 

55 Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5x1 0 -6 mbar 
Vacuum in deposition chamber: 2.1 X10 -6 mbar 
EB power: 40 kW 
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Film moving speed: 600 m/min 

Subsequently, the 800 A thick deposited aluminum oxide film formed on the surface of the polyvinyl fluoride 
sheet was processed by a glow-discharge plasma process to form a plasma-processed surface. The glow-dis- 
5 charge plasma process was carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma 

output immediately after the deposition of the 800 A thick deposited aluminum oxide film. In the glow-discharge 
plasma process, an oxygen/argon mixed gas of 1 9/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/ 
argon mixed gas is maintained at 6x10- 5 torr and the processing speed was 420 m/min. 

(2) The composite coating material prepared in Example 2 was applied to the plasma-processed surface of the 
10 deposited aluminum oxide film by a gravure roll coating process in a film. The film was dried at 120° C for 1 hr to 

form a coating film of 1 .0 g/m 2 in coating rate (dry state). Thus, a protective sheet in accordance with the present 
invention for a solar battery module was fabricated. 

(3) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick 

15 biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 um 

thick ethylene-vinyl acetate copolymer sheet and a 50 urn thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the coating film of the front surface protective sheet facing inside and the 
surface of the 38 u.m thick biaxially oriented polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet. Those component layers were laminated by using 

20 adhesive layers of an acrylic resin to complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 um thick polyvinyl fluoride sheet 
(PVF sheet). 

25 

COMPARATIVE EXAMPLE 1 

[0330] A solar battery module was fabricated by superposing a 3 mm thick glass sheet as a back surface protective 
sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented polyethylene terephtha- 
30 late film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene-vinyl acetate copolymer sheet 
and a 50 urn thick biaxially oriented polyethylene terephthalate film in that order with the surface of the 38 um thick 
polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50 um thick biaxially 
oriented polyethylene terephthalate film, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

35 

COMPARATIVE EXAMPLE 2 

[0331] A solar battery module was fabricated by superposing a 50 um thick polyvinyl fluoride sheet (PVF sheet) as 
a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented 
40 polyethylene terephthalate film provided with an array of amorphous silicon solar cells,a 400 um thick ethylene-vinyl 
acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film in that order with the 
surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 
the 50 um thick polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

45 

COMPARATIVE EXAMPLE 3 

[0332] A solar battery module was fabricated by superposing a 100 um thick polydicyclopentadiene sheet as a front 
surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented poi- 
se yethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene-vinyl 
acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate sheet in that order with the 
surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 
the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 

55 COMPARATIVE EXAMPLE 4 

[0333] A solar battery module was fabricated by using 50 um thick polyvinyl fluoride sheets (PVF sheets) as a front 
surface protective sheet and a back surface protective sheet. The solar battery module was fabricated by superposing 
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one of the 50 jim thick polyvinyl fluoride sheets (PVF sheets) as a front surface protective sheet, a 400 u.m thick 
ethylene-vinyl acetate copolymer sheet, a 38 urn thick biaxially oriented polyethylene terephthalate film provided with 
an array of amorphous silicon solar cells, a 400 urn thick ethylene-vinyl acetate copolymer sheet and the other 50 urn 
thick polyvinyl fluoride sheet (PVF sheet) as a back surface protective sheet in that order with the surface of the 38 
5 |.im thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front surface 
protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 

COMPARATIVE EXAMPLE 5 

10 [0334] A solar battery module was fabricated by using 1 00 |im thick polydicyclopentadiene sheets as a front surface 
protective sheet and a back surface protective sheet. The solar battery module was fabricated by superposing one of 
the 100 u.m thick polydicyclopentadiene sheets as a front surface protective sheet, a 400|im thick ethylene-vinyl acetate 
copolymer sheet, a 38 p.m thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous 
silicon solar cells, a 400 jam thick ethylene-vinyl acetate copolymer sheet and the other 100 urn thick polydicyclopen- 

15 tadiene sheet in that order with the surface of the 38 |xm thick polyethylene terephthalate film provided with the array 
of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers by 
using adhesive layers of an acrylic resin. 

. EXPERIMENTS 

20 

[0335] The protective sheets in Examples 1 to 22 of the present invention and those in Comparative examples 1 to 
5 were subjected to total transmittance measurement. The solar battery modules in Examples 1 to 22 and Comparative 
examples 1 to 5 were subjected to solar battery module evaluation tests. 

25 (1 ) Total Transmittance Measurement 

[0336] Total transmittance (%) of each of the protective sheets in Examples 1 to 22 and Comparative examples 1 to 
5 against the total transmittance of the base sheet as a reference total transmittance was measured by a color computer. 

30 (2) Solar Battery Module Evaluation Tests 

[0337] The solar battery modules were subjected to environmental tests in conformity to conditions specified in JIS 
C8917-1989. Photovoltaic output of the solar battery modules was measured before and after environmental tests. 

35 (3) Moisture Permeability and Oxygen Permeability 

[0338] The moisture permeabilities of the protective sheets in Examples 1 to 22 and Comparative examples 1 to 5 
were measured in an atmosphere of 40° C and 90% RH by a moisture permeability measuring apparatus (PERMAT- 
RAN, MOCON, USA). The oxygen permeabilities of the protective sheets in Examples 1 to 22 and Comparative ex- 
40 amples 1 to 5 were measured in an atmosphere of 23°C and 90% RH by an oxygen permeability measuring apparatus 
(OXTRAN, MOCON, USA). 

[0339] Measured data is tabulated in Table 3-1. 



Table 3-1 





Total transmittance 
<%) 


Moisture 
permeability (g/m 3 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reductin 
ratio (%) 


Example 1 


93 


0.3 


0.4 


3 


Example 2 


92 


0.4 


0.5 


2 


Example 3 


93 


0.3 


0.3 


2 


Example 4 


90 


0.4 


0.6 


2 


Example 5 


92 


0.4 


0.4 


1 


Example 6 


93 


0.3 


0.3 


1 


Example 7 


90 


0.4 


0.5 


1 



48 



EP 1 054 456 A2 

Table 3-1 (continued) 





Total transmittance 
\ /0 ) 


Moisture 
permeability (g/nvty 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


vjuipui reuuuun 
ratio (%) 


Example 8 


91 


0.3 


0.4 


1 


Example 9 


93 


0.4 


0.3 


3 


Example 10 


91 


0.1 


0.4 


1 


Example 11 


91 


0.1 


0.3 


1 


Example 12 


92 


0.2 


0.3 


2 


Example 13 


92 


0.4 


0.5 


3 | 


Example 14 


90 


0.3 


0.2 


2 


Example 15 


90 


0.3 


0.4 


3 


Example 16 


92 


0.1 


0.2 


1 


Example 17 


91 


0.4 


0.4 


3 


Example 18 


Q1 


0.3 


0.5 


3 


Example 19 


90 


0.3 


0.4 


2 


Example 20 


93 


0.4 


0.5 


3 


Example 21 


93 


0.3 


0.5 


3 


Example 22 


93 


0.4 


0.5 


2 


O r-\m rr»f 
UUI l IJJdt all vc 

Example 1 


89 


25.0 


80.0 


18 


Comparative 
Example 2 


93 


27.0 


28.0 


15 


Comparative 
Example 3 


92 


1.1 


200.0 


10 


Comparative 
Example 4 


93 


27.0 


28.0 


12 


Comparative 
Example 5 


93 


1.0 


200.0 


9 1 



[0340] In table 3-1 , moisture permeability is expressed in a unit of g/m 2 /day-40° C-100% RH, and oxygen permeability 
is expressed in a unit of cc/m 2 /day-23° c-90% RH. 

[0341] As obvious from Table 3-1 , the protective sheets in Examples 1 to 22 have high total transmittances, respec- 
tively, and are excellent in moisture impermeability and oxygen impermeability. 

[0342] Incidentally, the protective sheets in Examples 1 to 22 had oxygen permeabilities in an atmosphere of 25° C 
and 90% RH not greater than 2.0 cm 3 /m 2 day atm and moisture permeabilities in an atmosphere of 40° C and 100% 
RH mpy htrsyrt yjsm 3/0 g/m 2 -day-atm. 

[0343] The output reduction ratios of the solar battery modules employing the protective sheets in Examples 1 to 22 
were low. 

[0344] The protective sheets in Comparative examples 1 to 5 had high total transmittances, respectively. However, 
the moisture impermeabilities and the oxygen impermeabilities of the protective sheets in Comparative examples 1 to 
5 were low. Consequently, the output reduction ratios of the solar battery modules employing the protective sheets in 
Comparative examples 1 to 5 were high. 

[0345] As apparent from the foregoing description, the present invention uses a plastic sheet as a base sheet, forms 
a transparent, vitreous deposited inorganic oxide thin film, such as a silicon oxide thin film or an aluminum oxide thin 
film, on one of the surfaces of the plastic sheet, and fabricates a protective sheet for a solar battery module by forming 
a coating film of a composite material comprising a condensation polymer produced through the hydrolysis of a silicon 
compound; the protective sheet thus fabricated is used as the front surface protective sheet or the back surface pro- 
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tective sheet of a solar battery module; the solar battery module is fabricated by for example, superposing the protective 
sheet as a front surface protective sheet, a filler layer, a film provided with solar cells, i.e., photovoltaic cells, a filler 
layer and the protective sheet as a back surface protective sheet in that order in a superposed structure with the 
deposited inorganic oxide thin films facing inside, bringing the component layers of the superposed structure into close 

5 contact by vacuum and bonding together those component layers by a lamination process using hot pressing; and the 
protective sheet transmits sunlight at a high transmittance, is excellent in strength, weather resistance, heat resistance, 
water resistance, light resistance, wind endurance, hailstorm resistance, chemical resistance, moisture resistance and 
soil resistance, has a high impermeability to moisture and oxygen, limits performance degradation due to aging to the 
least extent, very durable, has excellent protective ability, and can be used for the stable fabrication of a low-cost, safe 

io solar battery module. 

[0346] The materials mentioned in the description of the first and the second embodiment are applicable to the third 
embodiment. 

FOURTH EMBODIMENT 

15 

[0347] The present invention will be described hereinafter with reference to the accompanying drawings. 

[0348] In this description, the term "sheet" is used in its broad sense to denote both sheets and films, and the term 

"film" is used in its broad sense to denote both sheets and films. 

[0349] Protective sheets in accordance with the present invention for solar battery modules and solar battery modules 
20 employing the protective sheets will be described with reference to the accompanying drawings. Figs. 16, 17, 18, 19 
and 20 are typical sectional views of protective sheets in examples in a fourth embodiment according to the present 
invention for a solar battery module, and Figs. 21, 22 and 23 are typical sectional views of sotar battery modules 
employing the protective sheet shown in Fig. 16. 

[0350] Referring to Fig. 16, a protective sheet A in a first example of the fourth embodiment of the present invention 
25 for a solar battery module is a laminated structure constructed by laminating at least two basic structures each com- 
prising a fluorocarbon resin sheet (weather-resistant sheet) 1 and a deposited inorganic oxide film 2 formed on one of 
the surfaces of the fluorocarbon resin sheet 1 . 

[0351 ] A surface-treated layer 3 may be formed in the fluorocarbon resin sheet 1 , and a coating film 1 03 of a polymer 
produced through the hydrolysis of a silicon compound may be formed on the deposited inorganic oxide film 2. 
30 As shown in Fig. 17, a protective sheet A 1 in a second example of the fourth embodiment for a solar battery module 
is a laminated sheet formed by laminating at least two basic structures each comprising a fluorocarbon resin sheet 1 
and a deposited inorganic oxide thin film 2 formed on one of the surfaces of the fluorocarbon resin sheet 1 by using 
an adhesive layer 203. 

[0352] As shown in Fig. 18 a protective sheet A 3 in a third example of the fourth embodiment for a solar battery 
35 module is a laminated sheet formed by laminating at least two basic structures each comprising a fluorocarbon resin 
sheet 1 and a deposited inorganic oxide thin film 2 formed on one of the surfaces of the fluorocarbon resin sheet 1, 
and a resin sheet 204 having a high strength by using adhesive layers 203 so that the resin sheet 204 is sandwiched 
between the basic structures. 

[0353] As shown in Fig. 19, a protective sheet A 3 in a fourth example of the fourth embodiment for a solar battery 
to module is a laminated sheet formed by laminating at least two basic structures each comprising a fluorocarbon resin 
sheet 1 and a multilayer film 4 comprising at least two deposited inorganic oxide thin films 2 and formed on one of the 
surfaces of the fluorocarbon resin sheet 1. 

[0354] As shown in Fig. 20, a protective sheet A 4 in a fifth example of the fourth embodiment for a solar battery 
module is a laminated sheet formed by laminating at least two basic structures each comprising a fluorocarbon resin 
45 sheet 1 , and a composite film 5 consisting of a first deposited inorganic oxide thin film 2a formed by a chemical vapor 
deposition process on one of the surfaces of the fluorocarbon resins sheet 1 and a second deposited inorganic oxide 
thin film 2b formed of a material different from that of the first deposited inorganic oxide thin film 2a by a physical vapor 
deposition process on the first deposited inorganic oxide thin film 2a. 

[0355] Those protective sheets are only examples of the protective sheet in the fourth embodiment and the present 

50 invention is not limited thereto. 

[0356] For example, when laminating at least the two basic structures each consisting of the fluorocarbon resin sheet 
and the deposited inorganic oxide thin film, the basic structures may be superposed with the respective deposited 
inorganic oxide thin films thereof facing each other or with the fluorocarbon resin sheet of one of the basic structures 
and the deposited inorganic oxide thin film of the other basic structure facing each other. 

55 [0357] A solar battery module employing this protective sheet A embodying the present invention and shown in Fig. 
16 will be described by way of example. Referring to Fig. 21 , a solar battery module T employs the protective sheet A 
shown in Fig. 16 as its front surface protective sheet 11. The solar battery module T is fabricated by superposing the 
front surface protective sheet 11 (A), a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and a generally 
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known back surface protective sheet 1 5 in that order in a superposed structure, and subjecting the superposed structure 
to a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. Either of the surfaces of 
the front surface protective sheet 11 may face inside. 

103581 Another solar battery module T 2 shown in Fig. 22 employs the protective sheet A shown in Fig. 1 6 as its back 
surface protective sheet 16. The solar battery module T 2 is fabricated by superposing a generally known front surface 
protective sheet 17. a filler layer 1 2, a photovoltaic layer 1 3 of solar cells, a filler layer 14 and the back surface protective 
sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to a generally known 
forming process, such as a lamination process, in which those component layers of the superposed structure are 
brought into close contact by vacuum and are bonded together by hot pressing. 

[03591 A third solar battery module T 3 shown in Fig. 23 employs the protective sheet A shown in Fig. 1 6 as its front 
surface protective sheet 11 and its back surface protective sheet 16. The solar battery module T 3 is fabricated by 
superposing the front surface protective sheet 11 (A), a filler layer 1 2. a photovoltaic layer 1 3 of solar cells a filler layer 
14 and the protective sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to 
a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. Either of the surfaces of 
each of the protective sheets 11 and 16 may face inside. 

[03601 The foregoing protective sheets in accordance with the present invention and the foregoing solar battery 
modules employing those protective sheets are examples intended to illustrate the invention and not to be construed 
to limit the scope of the invention. , 
[0361] For example, the foregoing solar battery modules may comprise additional layers for sunlight absorpt.on. 

reinforcement or the like. . 
[0362] Description will be given of methods of forming the protective sheet by laminating at least the two basic struc- 
tures each comprising the fluorocarbon resin sheet and the deposited inorganic oxide thin film, and forming the solar 
battery module employing the protective sheets. There are various possible methods. 

[0363] A first method in accordance with the present invention uses at least the two basic structures each comprising 
the fluorocarbon resin sheet 1 and the deposited inorganic oxide thin film 2, and laminates the two basic structures by 
using the adhesive layer 203. 

[0364] A second method in accordance with the present invention uses at least the two basic structures each com- 
prising the fluorocarbon resin sheetl and the deposited inorganic oxide thin film 2, and laminates the two basic struc- 
tures by using the adhesive layer 203 extruded individually between the two basic structures or in a coextrusion mode. 
[0365] A third method in accordance with the present invention uses at least the two basic structures each comprising 
the fluorocarbon resin sheetl and the deposited inorganic oxide thin film 2, sandwiches the high-strength resin sheet 
204 between the two basic structures, and laminates the component layers by using adhesive layers. 
[0366] The foregoing methods of laminating at least the two basic structures each comprising the fluorocarbon resin 
sheet and the deposited inorganic oxide thin film are only examples and the present invention is not limited thereto. 
[0367] When necessary, the surface of the deposited inorganic oxide thin film 2 formed on the fluorocarbon res.n 
sheet 1 or the surface of the fluorocarbon resin sheet 1 to be bonded to another surface may be processed for adhesion 
improvement by a surface pretreatment process, such as a corona discharge process, an ozone process, a low-tem- 
perature or atmospheric pressure plasma process, a glow-discharge process, an oxidation process us.ng a chem.cal 

SsrThe surface pretreatment process may be an independent process to be carried out after forming the depos- 
ited inorganic oxide thin film. When the surface treatment process is a low-temperature plasma process or a glow 
discharge process, the surface pretreatment process may be carried out in an in-line processing mode in a process 
for forming the deposited inorganic oxide thin film, which is effective in reducing the manufacturing cost. 
[0369] The surface of the fluorocarbon resin sheet provided with the deposited inorganic oxide thin film .s finished 
by the surface pretreatment process for the adhesion improvement of the same. The improvement of adhesion can be 
achieved also by forming a layer ofaprimer, an undercoater, an anchoring agent or the like. 

[0370] Suitable materials for forming the coating layer are. for example, composite resins containing a polyester 
resin a polyurethane resin, an acrylic resin or the like as a principal component of a vehicle. 

[0371] The coating layer may be formed of a coating material of, for example, a solvent type, an aqueous solution 
type or an emulsion type by a roll coating process, a gravure roll coating process, a kiss-roll coating process or the like 
[0372] Suitable materials for forming the adhesive layer for bonding together the superposed layers are polyvinyl 
acetate adhesives, polyacrylate adhesives including homopolymers of ethyl acrylate, butyl acrylate and 2-ethylhexy- 
lester acrylate and copolymers of those homopolymers and methyl methacrylate, acrylonitrile or styrene, cyanoacrylate 
adhesives ethylene copolymer adhesives including copolymers of ethylene and monomers including vinyl acetate, 
ethyl acrylate acrylic acid, methacrylic acid and the like, cellulose adhesives, polyester adhesives, polyamide adhe- 
sives polyimide adhesives, amino resin adhesives including urea resins and melamine resins, phenolic resin adhe- 
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sives, epoxy adhesives, polyurethane adhesives, reactive (meta)acrylic adhesives, njbber adhesives including styrene- 
butadiene rubbers, chloroprene rubbers and nitrile rubbers, silicone adhesives, inorganic adhesive including alkaline 
metal silicate and low-melting glass and the like. 

[0373] Those adhesives may be of any one of an aqueous type, a solution type, an emulsion type and dispersion 
5 type, may be of any one of forms including a film, a sheet, powder or a solid, and may be of any one of bonding types 
including a chemical reaction type, a solvent volatilization type, a hot melt type, a hot pressing type and the like. 
[0374] The adhesive may be applied to the sheet by, for example, a roll coating process, a gravure roll coating 
process, a kiss-roll coating process and the like or may be printed on the sheet by a printing process. 
[0375] The fusible, extrudable adhesive resin for forming an extruded adhesive resin layer in the laminating process 
10 may be any one or a mixture of some of fusible resins including low-density polyethylenes, medium-density polyeth- 
ylenes, high-density polyethylenes, linear low-density polyethylenes, polypropylenes, ethylene-vinyl acetate copoly- 
mers, ionomers, ethylene-ethyl acrylate copolymers, ethylene-acrylate copolymers, ethylene-methacrylic acid copol- 
ymers, ethylene-propylene copolymers, methyl pentene polymers, acid-modified polyolefin resins produced by modi- 
fying polyolefin resins, such as polyethylenes or polypropylenes, by an unsaturated carboxylic acid, such as acrylic 
15 acid, methacrylic acid, maleic acid, maleic anhydride, fumaric acid, itaconic acid or the like, polyvinyl acetate resins, 
polyester resins, polystyrene resins, cyclic polyolefin resins, ethylene-ot-olefm copolymers produced by polymerization 
using a metallocene catalyst, and the like. 

[0376] The extruded adhesive resin layer is formed of one or some of the foregoing resins by an extrusion or a 
coextrusion process. 

20 [0377] When laminating layers by using the extruded adhesive layer, an anchoring layer of a bonding assistant, such 
as an anchoring agent, may be used to bond the layers firmly together. 

[0378] Possible anchoring agents are, for example, organic titanium compounds, such as alkyltitanate, isocyanates, 
polyethylene imines, polybutadienes and the like. The anchoring agent may be either oil-soluble or water-soluble. 
[0379] Desirably, the anchoring agent is applied by a coating process, such as a roll coating process, a gravure roll 
25 coating process, a kiss-roll coating process or the like, to the layer in a coating film of 0.1 to 5 g/m 2 (dry state) in coating 
rate. 

[0380] The third may use a laminating adhesive for laminating the layers. 

[0381] The high-strength resin sheets to be laminated may be resin films or resin sheets excellent in physical and 
chemical strength, dimensional stability, weather resistance, heat resistance, water resistance, light resistance, chem- 

30 ical resistance, insulating property, flexibility, bending property, workability and the like. Possible films or sheets are 
tough films or sheets of polyester resins including ethylene-vinyl acetate copolymers, polyethylene terephthalates, 
polybutylene terephthalates, polyethylene naphthalates and polytetramethylene terephthalates, polyolefin resins in- 
cluding polyethylenes, polypropylenes, and ethylene-propylene copolymers, polyamide resins including nylon 12 and 
nylon 66, polyimide resins including polyimides, polyamidimides and polyetherimides, fluorocarbon resins including 

35 polytetrafluoroethylenes, polytrifluoroethylenes, polyvinilidene fluorides and polyvinyl fluorides, polyether sulphones, 
polyether ketones, polyphenylene sulfides, polyarylates, polyesterethers, aromatic polyamides, polycarbonates, cyclic 
polyolefins and the like. 

[0382] The resin films or sheets may be extruded or coextruded films or sheets, and may be nonoriented, uniaxially 
oriented or biaxially oriented. Desirably, the thickness of the resin films or sheets is in the range of about 6 to 300 u.m, 
<o preferably, in the range of 10 to 100 u.m. 

[0383] When laminating sheets with a high-strength sheet sandwiched between the sheets, a laminating adhesive 
may be used in addition to one of the foregoing adhesives. 

[0384] The laminating adhesive may be any one of laminating adhesives of a solvent type, an aqueous type or an 
emulsion type including single- or two-component, hardening or nonhardening vinyl resins, (meta)acrylic resins, polya- 

45 mide resins, polyester resins, polyurethane resins, epoxy resins, phenolic resins and rubbers. 

[0385] The laminating adhesive may contain an adhesion promoting agent, such as a silane coupling agent, and/or 
one or some of additives including an ultraviolet absorber, an oxidation inhibitor, a stabilizer and the like. 
[0386] Desirably, the laminating adhesive is applied by a coating process, such as a roll coating process, a gravure 
roll coating process, a kiss-roll coating process or the like, to the sheet in a coating film of 0.1 to 10 g/m 2 (dry state) in 

50 coating rate. 

[0387] Particularly desirable resin sheets among the foregoing high-strength resin sheets are extruded or coextruded 
films or sheets of one or some of ethylene-vinyl acetate copolymers, polyethylene resins and cyclic polyolefin resins. 
Possible cyclic polyolefin resin films or sheets are those of, for example, cyclic diene polymers including cyclopenta- 
diene and its derivatives, dicyclopentadiene and its derivatives, cyclohexadiene and its derivatives, norbornadiene and 
55 its derivatives, or one or some transparent cyclic polyolefin resin consisting of one or some of copolymers of those 
cyclic dienes, and olefin monomers including ethylene, propylene, 4-methyl-1 -pentene, styrene, butadiene and iso- 
prene. 

[0388] Transparent cyclic polyolefin resins including cyclic diene polymers, such as cyclopentadiene and its deriva- 
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tives +and dicyclopentadiene and its derivatives are particularly preferable because those transparent cyclic polyolefin 
resins are excellent in weather resistance and water resistance, is transparent and is preferable from the viewpoint of 
sunlight transmission. 

[0389] The front surface protective sheets in accordance with the present invention for solar battery modules using 
5 the cyclic polyolefin resin films or sheets utilize the excellent properties of the cyclic polyolefin resin films or sheets 
including mechanical properties, optical properties, weather resistance, heat resistance, water resistance, light resist- 
ance, moisture resistance, soil resistance, chemical resistance and the like. The front surface protective sheet is equal 
in optical properties and durability to a glass sheet generally used as a protective sheet, has satisfactory mechanical 
properties, and is more flexible and lighter than a glass sheet, excellent in workability and easy to handle. 
10 [0390] It is desirable that the cyclic polyolefin resin of the present invention has a visible light transmittance of 90% 
or above, preferably, 95% or above and a property to transmit all incident sunlight. 

[0391] The cyclic polyolefin resin film or sheet in accordance with the present invention is excellent in adhesion to 
a deposited inorganic oxide thin film or a fluorocarbon resin sheet, a two-layer laminated sheet formed by laminating 
the cyclic polyolefin resin film or sheet, and the deposited inorganic oxide thin film or the fluorocarbon resin sheet has 
15 a very high bonding strength, and the layers of the two-layer laminated sheet does not delaminate. A two-layer barrier 
film consisting of a deposited inorganic oxide thin film and a cyclic polyolefin resin film or sheet has a high impermeability 
to oxygen gas and moisture, particularly to moisture. Thus, the present invention provides a very satisfactory front 
surface protective sheet having excellent properties including transparency, heat resistance, hot water resistance and 
aptitude for lamination. 

20 [0392] Various compounding ingredients and additives may be added to the adhesive layer, the extruded adhesive 
resin layer or the high-strength resin sheet to improve the workability, heat resistance, weather resistance, mechanical 
properties, dimensional stability, oxidation resistance, slipperiness, reusability, flame retardancy, antifungal property, 
electric properties and the like. The amount of each of the compounding ingredients and the additives is in the range 
of a very small percent to several tens percent and may optionally be determined according to the purpose. 

25 [0393] Commonly known additives, such as a lubricant, a crosslinking agent, an oxidation inhibitor, an ultraviolet 
absorber, a light stabilizer, a filler, a reinforcing material, a stiffener, an antistatic agent, a flame retarder, a flame- 
resistant agent, a foaming agent, an antifungus agent, a pigment and the like may be used. A modifying resin may be 
used. 

[0394] According to the present invention, it is particularly preferable to use an ultraviolet absorber and/or an oxidation 

30 inhibitor among those additives. 

[0395] The ultraviolet absorber absorbs detrimental ultraviolet rays contained in sunlight, converts the energy of 
ultraviolet rays into harmless thermal energy in its molecules to prevent active species that starts the photodeterioration 
of polymers from being excited. One or some of ultraviolet absorbers, such as those of a benzophenone group, a 
benzotriazole group, a salicylate group, an acrylonitrile group, metallic complex salts, a hindered amine group and an 

35 inorganic ultraviolet absorber, such as ultrafine titanium oxide powder (particle size: 0.01 to 0.06 u.m) or ultrafme zinc 
oxide powder (particle size: 0.01 to 0.04 u,m), may be used. 

[0396] The oxidation inhibitor prevents the light deterioration or thermal deterioration of polymers. Suitable oxidation 
inhibitors are, for example, those of a phenol group, an amine group, a sulfur group, a phosphoric acid group and the like. 
[0397] The ultraviolet absorber or the oxidation inhibitor may be an ultraviolet absorbing polymer or an oxidation 
40 inhibiting polymer produced by chemically bonding an ultraviolet absorber of the benzophenone group or an oxidation 
inhibitor of the phenol group to the principal chains or the side chains of a polymer. 

[0398] The ultraviolet absorber and/or the oxidation inhibitor content is dependent on the shape and density of par- 
ticles and a preferable ultraviolet absorber and/or the oxidation inhibitor content is in the range of about 0.1 to about 
10% by weight. 

45 [0399] When necessary, a surface-treated layer may be formed in a surface for bonding by a surface pretreatment 
process for adhesion improvement. The surface-treated layer may be formed by, for example, a corona discharge 
treatment, an ozone treatment, an atmospheric or low-temperature plasma treatment using oxygen gas or nitrogen 
gas, a glow discharge treatment, an oxidation treatment using a chemical or the like. 

[0400] The surface pretreatment for adhesion improvement may form a layer of a primer, an undercoater, an anchor- 
so ing agent or the like. 

[0401] The coating layer may be formed of, for example, a composite resin containing a polyester resin, a poly- 
urethane resin, an acrylic resin or the like as a principal component of its vehicle. 

[0402] The coating layer may be formed of a coating material of, for example, a solvent type, an aqueous solution 
type or an emulsion type by a roll coating process, a gravure roll coating process, a kiss-roll coating process or the like. 
55 [0403] The surface pretreatment for adhesion improvement may form, as the surface-treated layer, a nonbarrier 
deposited inorganic oxide thin film of a thickness in the range of 20 to 100 A, preferably, in the range of 30 to 60 A by 
a process similar to that for forming the deposited inorganic oxide thin film, an emulsion type by a roll coating process, 
a gravure roll coating process a kiss-roll coating process or the like. 
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The surface pretreatment for adhesion improvement may form, as the surface-treated layer, a nonbarrier deposited 
inorganic oxide thin film of a thickness in the range of 20 to 100 A, preferably, in the range of 30 to 60 A by a process 
similar to that for forming the deposited inorganic oxide thin film. 

5 Examples 

[0404] Examples of the fourth embodiment will be described hereinafter. 
EXAMPLE 1 

70 

[0405] 

(1) A roll of a 50 jim thick polyvinyl fluoride sheet (PVF sheet), i.e., base sheet, was mounted on a feed roll of a 
continuous vacuum evaporation system. The polyvinyl fluoride sheet was unwound and wound around a coating 

15 drum and a 500 A thick deposited aluminum oxide thin film was deposited on a treated surface of the polyvinyl 

fluoride sheet treated for adhesion improvement by a reactive vacuum evaporation process of an electron beam 
(EB) heating system to form a coated polyvinyl fluoride sheet. Aluminum was used as an evaporation source and 
oxygen gas was supplied to the continuous vacuum evaporation system. 
Deposition conditions: 

20 

Evaporation source: Aluminum 
Vacuum in vacuum chamber: 7.5x1 0 -6 mbar 
Vacuum in deposition chamber: 2.1 X10~ 6 mbar 
EB power: 40 kW 
25 Sheet moving speed: 600 m/min 

(2) The 500 A thick deposited aluminum oxide thin film of the coated polyvinyl fluoride sheet was subjected to a 
glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma process was 
carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output immediately after the 

30 deposition of the 500 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, an oxygen/ 

argon mixed gas of 19/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/argon mixed gas is main- 
tained at 6x1 0" 5 torr and the processing speed was 420 m/min. 

(3) A laminating adhesive layer of a two-component polyurethane laminating adhesive was formed in 1.0 g/m 2 (dry 
state) in coating rate by a gravure roll coating process on the plasma-processed surface of the deposited aluminum 

35 oxide film of each of two coated polyvinyl fluoride sheets similar to that formed by (1) and (2), the two coated 

polyvinyl fluoride sheets were disposed with the laminating adhesive layers thereof facing each other, a 20 urn 
thick polydicyclopentadiene film was sandwiched between the coated polyvinyl fluoride sheets, and those compo- 
nent layers were laminated by a dry lamination process to complete a protective sheet in accordance with the 
present invention for a solar battery module. 

40 (4) a solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 

sheet. The front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn 
thick ethylene-vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the surface of the 38 ^m thick biaxially oriented polyethylene terephthalate film 

45 provided with the array of amorphous silicon solar cells facing the front surface protective sheet. Those component 

layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 
(5) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 u.m thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 u.m thick polyvinyl fluoride sheet 

50 (PVF sheet). 

[0406] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that a 20 um thick polycyclopentadiene film was used 
instead of the 20 |im thick polydicyclopentadiene sheet. 
55 [0407] A fourth protective sheet in accordance with the present invention and a fourth solar battery module of the 
same components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride 
sheets bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 
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EXAMPLE 2 
[0408] 

(1 ) A roll of a 50 urn thick polyvinyl fluoride film (PVF film), i.e., base sheet, was mounted on a feed roll of a plasma 
chemical vapor deposition system. A 500 A thick deposited silicon oxide thin film was deposited on a treated 
surface of the polyvinyl fluoride film treated for adhesion improvement under the following conditions to form a 
coated polyvinyl fluoride sheet. 
Deposition conditions: 

Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 1/10/10 (Unit: slm) 
Vacuum in vacuum chamber: 5.9x1 0 -6 mbar 
Vacuum in deposition chamber: 6.0X10" 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
Film moving speed: 80 m/min 

Surface for vapor deposition: Corona-processed surface 

(2) The 500 A thick deposited silicon oxide thin film of the coated polyvinyl fluoride film was subjected to a corona 
discharge process to form a corona-processed surface and to increase the surface tension of the deposited silicon 
oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet was moved at a moving 
speed of 100 m/min. 

(3) A laminating adhesive layer of 1 .0 g/m 2 (dry state) in coating rate was formed on the corona-processed surface 
of the deposited silicon oxide film of each of two coated polyvinyl fluoride sheets similar to that formed by (1) and 
(2), the two coated polyvinyl fluoride sheets were disposed with the laminating adhesive layers thereof facing each 
other, a 20 u.m thick polydicyclopentadiene film was sandwiched between the coated polyvinyl fluoride sheets, and 
those component layers were laminated by a dry lamination process to complete a protective sheet in accordance 
with the present invention for a solar battery module. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 um thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 um 
thick ethylene-vinyl acetate copolymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the surface of the 38 \im thick biaxially oriented polyethylene terephthalate film 
provided with the array of amorphous silicon solar cells facing the front surface protective sheet. Those component 
layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 

(5) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 um thick polyvinyl fluoride sheet 
(PVF sheet). 

[0409] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that a 20 um thick polycyclopentadiene film was used 
instead of the 20 um thick polydicyclopentadiene sheet. 

[0410] A fourth protective sheet in accordance with the present invention and a fourth solar battery module of the 
same components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were 
superposed and bonded together with the deposited silicon oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 3 

[0411] 

(1 ) A 50 um thick polyvinyl fluoride film (PVF film) containing an ultraviolet absorber was used as a base sheet. A 
500 A thick deposited silicon oxide thin film was deposited on a surface of the polyvinyl fluoride film under the 
same conditions as those in Example 2. The surface of the deposited silicon oxide thin film was subjected to a 
corona discharge process to form a corona-processed surface. 

(2) A 500 A thick deposited aluminum oxide thin film was deposited on the corona-processed surface of the de- 
posited silicon oxide thin film formed on the polyvinyl fluoride film under the same conditions as those in Example 
1. A coated polyvinyl fluoride film was completed by subjecting the surface of the deposited aluminum oxide thin 
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film to a plasma process to form a plasma-processed surface therein. 

(3) A laminating adhesive layer of a two-component polyurethane adhesive containing a small amount of an ultra- 
violet absorber containing ultrafine titanium oxide powder (particle size: 0.01 to 0.06 um) was formed in a coating 
rate of 5.0 g/m 2 (dry state) on the plasma-processed surface of the deposited aluminum oxide film of each of two 

5 coated polyvinyl fluoride films similar to that formed by (1) and (2). The two coated polyvinyl fluoride films were 

bonded together with the laminating adhesive layers thereof in contact with each other to complete a protective 
sheet in accordance with the present invention for a solar battery module. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick 

10 biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u.m 

thick ethylene-vinyl acetate copolymer sheet and a 50 u.m thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the surface of the 38 um thick polyethylene terephthalate film provided with 
the array of amorphous silicon solar cells facing the front surface protective sheet. Those component layers were 
laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 

15 (5) Another protective sheet in accordance with the present invention and another solar battery module of the 

same components were fabricated by the same processes, except that a 50 u.m thick fluorocarbon resin film of an 
ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 |im thick polyvinyl fluoride film (PVF 
film). 

20 [041 2] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride films were super- 
posed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride films 
bonded to the polyvinyl fluoride film of the other coated polyvinyl fluoride film. 

25 EXAMPLE 4 

[0413] An anchoring layer of a polyurethane anchoring agent was formed in a coating rate of 0.5 g/m 2 (dry state) by 
a gravure roll coating process on the plasma-processed surface of the deposited aluminum oxide film of each of two 
coated polyvinyl fluoride sheets similar to that in Example 1. A 100 u.m thick polydicyciopentadiene film was formed 
30 on the anchoring layer of each of the two coated polyvinyl fluoride sheets by an extrusion coating process. Thus a 
protective sheet in accordance with the present invention for a solar battery module was completed. 
[0414] A solar battery module employing the protective sheet as its front surface protective sheet was fabricated by 
the same processes as those in Example 1. 

[041 5] Another protective sheet in accordance with the present invention and another solar battery module of the 
35 same components were fabricated by the same processes, except that a polycyclopentadiene film was used instead 
of the polydicyciopentadiene film. 

[041 6] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride sheets 
40 bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 5 

[0417] An anchoring layer of a polyurethane anchoring agent was formed in a coating rate of 0.5 g/m 2 (dry state) by 
45 a gravure roll coating process on the corona-processed surface of the deposited silicon oxide film of each of two coated 
polyvinyl fluoride sheets similar to that in Example2. A 30 urn thick polydicyciopentadiene film was formed on the 
anchoring layer of each of the two coated polyvinyl fluoride sheets by an extrusion coating process. Thus a protective 
sheet in accordance with the present invention for a solar battery module was fabricated. 

[0418] A solar battery module employing the protective sheet as its front surface protective sheet was fabricated by 
50 the same processes as those in Example 2. 

[0419] Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a polynorbornadiene resin was used instead 
of the polydicyciopentadiene resin. 

[0420] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
55 components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited silicon oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 
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EXAMPLE 6 

[0421] A laminating adhesive layer of a two-component polyurethane laminating adhesive containing an ultraviolet 
absorber containing ultrafine titanium oxide powder (particle size: 0.01 to 0.06 urn) was formed in a coating rate of 1 .0 
5 g/m 2 (dry state) by a gravure roll coating process on the plasma-processed surface of the deposited aluminum oxide 
film of each of two coated polyvinyl fluoride sheets (PVF sheets) similar to that in Examplel. A 20 urn thick polydicy- 
clopentadiene film was sandwiched between the coated polyvinyl fluoride sheets, and those component layers were 
laminated by a dry lamination process to complete a protective sheet in accordance with the present invention for a 
solar battery module. 

10 [0422] A solar battery module employing the protective sheet as its front surface protective sheet was fabricated by 
the same processes as those in Example 1. 

[0423] Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a polycyclopentadiene film was used instead 
of the polydicyclopentadiene film. 
15 [0424] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

20 EXAMPLE 7 

[0425] 

(1) Protective sheets that are the same as the protective sheet in Example 1 were used as the front surface pro- 
25 tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, 
a 38 u.m thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the surface of the 38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon 

30 solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 

layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 50 urn thick fluorocarbon resin sheets of an 
ethylene-tetrafluoroethylene copolymer (ETFE) were used instead of the 50 u.m thick polyvinyl fluoride sheets 

35 (PVF sheet). 

[0426] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that a 20 um thick polycyclopentadiene film was used 
instead of the 20 u.m thick polydicyclopentadiene film. 
40 [0427] A fourth protective sheet in accordance with the present invention and a fourth solar battery module of the 
same components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride 
sheets bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

45 EXAMPLE 8 

[0428] 

(1) Protective sheets that are the same as the protective sheet in Example 3 were used as the front surface pro- 
50 tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, 
a 38 um thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 um thick ethylene-viny! acetate copolymer sheet and the back surface protective sheet in that order 
with the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon 

55 solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 

layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 50 um thick fluorocarbon resin sheets of an 
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ethylene-tetrafluoroethylene copolymer (ETFE) were used as the base sheet instead of the 50 um thick polyvinyl 
fluoride sheets (PVF sheet). 

[0429] Third protective sheets in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that a 20 um thick polycyclopentadiene film was used 
instead of the 20 urn thick polydicyclopentadiene film. 

[0430] A fourth protective sheet in accordance with the present invention and a fourth solar battery module of the 
same components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were 
superposed and bonded together with the deposited silicon oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 9 

[0431] 

(1) Protective sheets that are the same as the protective sheet in Example 3 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon 
solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of an 
ethylene-tetrafluoroethylene copolymer (ETFE) containing an ultraviolet absorber was used instead of the 50 um 
thick polyvinyl fluoride sheet (PVF sheet) containing an ultraviolet absorber. 

[0432] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 10 

[0433] (1 ) Protective sheets that are the same as the protective sheet in Example 4 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fabri- 
cated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 
um thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells.a 
400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface 
of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 
front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
[0434] A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a polycyclopentadiene resin was used instead of the 
polydicyclopentadiene resin. 

[0435] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 11 

[0436] Protective sheets that are the same as the protective sheet in Example 5 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fabri- 
cated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 
um thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 
400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface 
of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 
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front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
[0437] Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a poiynorbornadiene resin was used instead of the 
polydicyclopentadiene resin. 

[0438] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited silicon oxide thin film of one of the coated polyvinyl fluoride sheets 
bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 



10 EXAMPLE 12 



[0439] Protective sheets that are the same as the protective sheet in Example 6 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fabri- 
cated by superposing the front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 

15 um thick biaxially oriented polyethylene terephthaiate film provided with an array of amorphous silicon solar cells, a 
400 u.m thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface 
of the 38 jim thick polyethylene terephthaiate film provided with the array of amorphous silicon solar cells facing the 
front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
[0440] Protective sheets in accordance with the present invention and another solar battery module of the same 

20 components were fabricated by the same processes, except that a polycyclopentadiene film was used instead of the 
polydicyclopentadiene film. 

[0441] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluonde sheets 
25 bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 13 

[0442] 

30 

(1 ) A protective sheet that is the same as the protective sheet in Example 1 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 3 mm thick glass sheet, 
a 400 mm thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented polyethylene terephthaiate 
film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene-vinyl acetate copolymer sheet 

35 and the back surface protective sheet in that order with the surface of the 38 ujti thick polyethylene terephthaiate 

film provided with the array of amorphous silicon solar cells facing the 3 mm thick glass sheet, and laminating 
those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of an 

40 ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 um thick polyvinyl fluoride sheet (PVF 

sheet). 

[0443] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that a 20 um thick polycyclopentadiene film was used 
45 instead of the 20 jim thick polydicyclopentadiene film. 

[0444] A fourth protective sheet in accordance with the present invention and a fourth solar battery module of the 
same components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride 
sheets bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

50 

EXAMPLE 14 
[0445] 

55 (1 ) A protective sheet that is the same as the protective sheet in Example 2 was used as the back surface protective 

sheet of a solar battery module. The solar battery module was fabricated by superposing a 50 um thick polyvinyl 
fluoride sheet (PVF sheet), a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 u^m thick biaxially oriented 
polyethylene terephthaiate film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene- 
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vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface of the 38 um 
thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 50 um thick 
polyvinyl fluoride sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
(2) Another protective sheet in accordance with the present invention and another solar battery module of the 
5 same components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of 

an ethylene-tetrafluoroethylene copolymer (ETFE) was used as a base sheet instead of the 50 um thick polyvinyl 
fluoride sheet (PVF sheet). 

[0446] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
10 components were fabricated by the same processes, except that a 20 um thick polycyclopentadiene film was used 
instead of the 20 um thick polydicyclopentadiene film. 

[0447] A fourth protective sheet in accordance with the present invention and a fourth solar battery module of the 
same components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were 
superposed and bonded together with the deposited silicon oxide thin film of one of the coated polyvinyl fluoride sheets 
15 bonded to the polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

EXAMPLE 15 

[0448] 

20 

(1 ) A protective sheet that is the same as the protective sheet in Example 3 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 100 um thick polydicy- 
clopentadiene sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented 
polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn thick ethylene- 

25 vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface of the 38 um 

thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 100um 
thick polydicyclopentadiene sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

(2) Another protective sheet in accordance with the present invention and another solar battery module of the 
30 same components were fabricated by the same processes, except that a 50 um thick fluorocarbon resin sheet of 

an ethylene-tetrafluoroethylene copolymer containing an ultraviolet absorber(ETFE sheet) was used as a base 
sheet instead of the 50 um thick polyvinyl fluoride sheet (PVF sheet) containing an ultraviolet absorber. 

[0449] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
35 components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets each provided 
with the deposited silicon oxide thin film and the deposited aluminum oxide thin film were superposed and bonded 
together with the deposited aluminum oxide thin film of one of the coated polyvinyl fluoride sheets bonded to the 
polyvinyl fluoride sheet of the other coated polyvinyl fluoride sheet. 

40 COMPARATIVE EXAMPLE 1 

[0450] A solar battery module was fabricated by superposing a 100 um thick polydicyclopentadiene sheet, i.e., base 
sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially 
oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400pm thick ethylene- 
15 vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film in that order with 
the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells 
facing the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

50 COMPARATIVE EXAMPLE 2 

[0451] A solar battery module was fabricated by superposing a 50 um thick polyvinyl fluoride sheet (PVF sheet), i. 
e., base sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um 
thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 
55 um thick ethylene-vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film 
in that order with the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 
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COMPARATIVE EXAMPLE 3 

[0452] A solar battery module was fabricated by superposing a 100 um thick polydicyclopentadiene sheet, i.e., base 
sheet, as a front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially 
5 oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400fim thick ethylene- 
vinyl acetate copolymer sheet and a 100 um thick polydicyclopentadiene sheet, i.e., base sheet, as a back surface 
protective sheet in that order with the surface of the 38 u.m thick polyethylene terephthalate film provided with the array 
of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers by 
using adhesive layers of an acrylic resin. 

10 

COMPARATIVE EXAMPLE 4 

[0453] A solar battery module was fabricated by superposing a 50 u.m thick polyvinyl fluoride film (PVF film), i.e., 
base sheet, as a front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 um thick 
15 biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 pm 
thick ethylene-vinyl acetate copolymer sheet and a 50 um thick polyvinyl fluoride film (PVF film), i.e., base sheet, as 
a back surface protective sheet in that order with the surface of the 38|im thick polyethylene terephthalate film provided 
with the array of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component 
layers by using adhesive layers of an acrylic resin. 

20 

EXPERIMENTS 

[0454] The protective sheets in Examples 1 to 15 of the present invention and those in Comparative examples 1 to 
4 were subjected to total transmittance measurement. The solar battery modules in Examples 1 to 15 and Comparative 
25 examples 1 to 4 were subjected to solar battery module evaluation tests. 

(1) Total Transmittance Measurement 

[0455] Total transmittance (%) of each of the protective sheets in Examples 1 to 15 and Comparative examples 1 to 
30 4 against the total transmittance of the base sheet as a reference total transmittance was measured by a color computer. 

(2) Solar Battery Module Evaluation Tests 

[0456] The solar battery modules were subjected to environmental tests in conformity to conditions specified in JIS 
35 C8917-1989. Photovoltaic output of the solar battery modules was measured before and after environmental tests. 

(3) Moisture Permeability and Oxygen Permeability 

[0457] The moisture permeabilities of the protective sheets in Examples 1 to 15 and Comparative examples 1 to 4 
40 were measured in an atmosphere of 40° C and 90% RH by a moisture permeability measuring apparatus (PERMAT- 
RAN, MOCON, USA). The oxygen permeabilities of the protective sheets in Examples 1 to 15 and Comparative ex- 
amples 1 to 5 were measured in an atmosphere of 23°C and 90% RH by an oxygen permeability measuring apparatus 
(OXTRAN, MOCON, USA). 

[0458] Measured data is tabulated in Table 4-1. 

45 

Table 4-1 





Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 
ratio (%) 


Example 1 


91 


0.2 


0.4 


2 


Example 2 


90 


0.3 


0.4 


3 


Example 3 


92 


0.1 


0.2 


1 


Example 4 


93 


0.3 


0.6 


3 


Example 5 


92 


0.4 


0.5 


1 
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Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 
ratio (%) 


Example 6 


90 


0.2 


0.4 


3 


Example 7 


91 


0.2 


0.3 


2 


Example 8 


91 


0.3 


0.4 


2 


Example 9 


92 


0.1 


0.1 


1 


Example 10 


92 


0.3 


0.5 


2 


Example 11 


91 


0.2 


0.3 


2 


Example 12 


90 ~^ 


0.1 


0.1 


1 


Example 13 


93 


n ^ 
\j.<j 


0.2 


2 


Example 14 


92 


0.4 


0.2 


3 


Example 15 


91 


0.2 


0.3 


3 


Comparative 
Example 1 


93 


1.2 


200.0 


10 


Comparative 
Example 2 


93 


26.7 


27.5 


15 


Comparative 
Example 3 


93 


1.2 


200.0 


8 


Comparative 
Example 4 


93 


26.0 


28.0 


11 



[0459] In table 4-1 , moisture permeability is expressed in a unit of g/m2/day-40° C-100% RH, and oxygen permeability 
is expressed in a unit of cc/m 2 /day-23° c-90% RH. 

[0460] As obvious from Table 4-1 , the protective sheets in Examples 1 to 15 have high total transmrttances, respec- 
tively and are excellent in moisture impermeability and oxygen impermeability. 

[0461 ] The output reduction ratios of the solar battery modules employing the protective sheets in Examples 1 to 1 5 

roSr'The protective sheets in Comparative examples 1 to 4 had high total transmittances, respectively. However, 
the moisture impermeabilities and the oxygen impermeabilities of the protective sheets in Comparative examples 1 to 
4 were low. Consequently, the output reduction ratios of the solar battery modules employing the protectee sheets in 

Comparative examples 1 to 4 were high. . . „ „ . „ 

[0463] As apparent from the foregoing description, the present invention uses a fluorocarbon resin sheet as a base 
sheet fabricates a coated fluorocarbon resin sheet by forming a transparent, vitreous deposited inorganic ox.de th.n 
film such as a silicon oxide thin film or an aluminum oxide thin film, on one of the surfaces of the fluorocarbon resin 
sheet and fabricates a protective sheet for a solar battery module by laminating at least two coated fluorocarbon res.n 
sheets similar to the foregoing coated fluorocarbon resin sheet by an adhesive layer or the like, uses the protective 
sheet as the front surface protective sheet or the back surface protective sheet of a solar battery module; fabricates a 
solar battery module by, for example, superposing the protective sheet as a front surface protective sheet, a filler layer, 
a film provided with solar cells, i.e., photovoltaic cells, a filler layer and an ordinary back surface protective sheet .n 
that order in a superposed structure, bringing the component layers of the superposed structure into close contac by 
vacuum and bonding together those component layers by a lamination process using hot pressing; and the protective 
sheet transmits sunlight at a high transmittance, is excellent in strength, weather resistance, heat resistance, water 
resistance, light resistance, wind endurance, hailstorm resistance, chemical resistance, moisture resistance and so. 
resistance, has a high impermeability to moisture and oxygen, limits performance degradation due to ag.ng to the least 
extent, very durable, has excellent protective ability, and can be used for the stable fabrication of a low-cost, safe solar 

battery module. , .. . . 

[0464] The materials mentioned in the description of the first, the second and the third embod.ment are applicable 

to the fourth embodiment. 
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FIFTH EMBODIMENT 

[0465] The present invention will be described hereinafter with reference to Figs. 16 to 23 previously used in the 
description of the fourth embodiment. 
5 [0466] In this description, the term "sheet" is used in its broad sense to denote both sheets and films, and the term 
"film" is used in its broad sense to denote both sheets and films. 

[0467] Referring to Fig. 16, a protective sheet A in a first example of the fifth embodiment of the present invention 
for a solar battery module is a laminated structure constructed by laminating at least two basic structures each com- 
prising a cyclic polyolefin sheet(weather-resistant sheet) 1 and a deposited inorganic oxide film 2 formed on one of the 

10 surfaces of the cyclic polyolefin sheet 1. 

[0468] A surface-treated layer 3 may be formed in the cyclic polyolefin sheet 1 , and a coating film 103 of a polymer 
produced through the hydrolysis of a silicon compound may be formed on the deposited inorganic oxide film 2. 
[0469] As shown in Fig. 17, a protective sheet A 1 in a second example of the fifth embodiment for a solar battery 
module is a laminated sheet formed by laminating at least two basic structures each comprising a cyclic polyolefin 

* 5 sheet 1 and a deposited inorganic oxide thin film 2 formed on one of the surfaces of the cyclic polyolefin sheet 1 by 
using an adhesive layer 203. 

[0470] As shown in Fig. 18 a protective sheet A 3 in a third example of the fourth embodiment for a solar battery 
module is a laminated sheet formed by laminating at least two basic structures each comprising a cyclic polyolefin 
sheet 1 and a deposited inorganic oxide thin film 2 formed on one of the surfaces of the fluorocarbon resin sheet 1, 
20 and a resin sheet 204 having a high strength by using adhesive layers 203 so that the resin sheet 204 is sandwiched 
between the basic structures. 

[0471] As shown in Fig. 19, a protective sheet A 3 in a fourth example of the fifth embodiment for a solar battery 
module is a laminated sheet formed by laminating at least two basic structures each comprising a cyclic polyolefin 1 
and a multilayer film 4 comprising at least two deposited inorganic oxide thin films 2 and formed on one of the surfaces 

25 of the fluorocarbon resin sheet 1. 

[0472] As shown in Fig. 20, a protective sheet A 4 in a fifth example of the fourth embodiment for a solar battery 
module is a laminated sheet formed by laminating at least two basic structures each comprising a cyclic polyolefin 
sheet 1 , and a composite film 5 consisting of a first deposited inorganic oxide thin film 2a formed by a chemical vapor 
deposition process on one of the surfaces of the cyclic polyolefin sheet 1 and a second deposited inorganic oxide thin 

30 film 2b formed of a material different from that of the first deposited inorganic oxide thin film 2a by a physical vapor 
deposition process on the first deposited inorganic oxide thin film 2a. 

[0473] Those protective sheets are only examples of the protective sheet in the fourth embodiment and the present 
invention is not limited thereto. 

[0474] For example, when laminating at least the two basic structures each consisting of the cyclic polyolefin sheet 
35 and the deposited inorganic oxide thin film, the basic structures may be superposed with the respective deposited 
inorganic oxide thin films thereof facing each other or with the cyclic polyolefin sheet of one of the basic structures and 
the deposited inorganic oxide thin film of the other basic structure facing each other. 

[0475] A solar battery module employing this protective sheet A embodying the present invention and shown in Fig. 
16 will be described by way of example. Referring to Fig. 21, a solar battery module T employs the protective sheet A 

40 shown in Fig. 16 as its front surface protective sheet 11. The solar battery module T is fabricated by superposing the 
front surface protective sheet 11 (A), a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and a generally 
known back surface protective sheet 15 in that order in a superposed structure, and subjecting the superposed structure 
to a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. Either of the surfaces of 

<*5 the front surface protective sheet 11 may face inside. 

[0476] Another solar battery module T 2 shown in Fig. 22 employs the protective sheet A shown in Fig. 16 as its back 
surface protective sheet 16. The solar battery module T 2 is fabricated by superposing a generally known front surface 
protective sheet 1 7 , a filler layer 1 2, a photovoltaic layer 1 3 of solar cells, a filler layer 1 4 and the back su rf ace protective 
sheet 16 (A) in that order in a superposed structure, and subjecting the superposed structure to a generally known 

so forming process, such as a lamination process, in which those component layers of the superposed structure are 
brought into close contact by vacuum and are bonded together by hot pressing. 

[0477] A third solar battery module T 3 shown in Fig. 23 employs the protective sheet A shown in Fig. 16 as its front 
surface protective sheet 11 and its back surface protective sheet 16. The solar battery module T 3 is fabricated by 
superposing the front surface protective sheet 11 (A), a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 
55 14 and the protective sheet 1 6 (A) in that order in a superposed structure, and subjecting the superposed structure to 
a generally known forming process, such as a lamination process, in which those component layers of the superposed 
structure are brought into close contact by vacuum and are bonded together by hot pressing. Either of the surfaces of 
each of the protective sheets 11 and 16 may face inside. 
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[04781 The foregoing protective sheets in accordance with the present invention and the foregoing solar battery 
modules employing those protective sheets are examples intended to illustrate the invention and not to be construed 
to limit the scope of the invention. t™.« 
104791 For example solar battery modules of different forms can be fabricated by using the protectee sheets shown 
in Figs. 17 to 20, and the foregoing solar battery modules may comprise additional layers for sunlight absorption, 

Description will be given of methods of forming the protective sheet by laminating at least the two basic struc- 
tures each comprising the cyclic polyolefin sheet and the deposited inorganic oxide thin f.lm, and forming the solar 
battery module employing the protective sheets. There are various possible methods. 

[0481] A first method in accordance with the present invention uses at least the two basic structures each compns.ng 
the cyclic polyolefin sheet 1 and the deposited inorganic oxide thin film 2, and laminates the two bas.c structures by 
usinq the adhesive layer 203. 

[0482] A second method in accordance with the present invention uses at least the two basic structures each com- 
prising the cyclic polyolefin sheet 1 and the deposited inorganic oxide thin film 2. and laminates the two bas.c structures 
by using the adhesive layer 203 extruded individually between the two basic structures or in a coextrus.on mode. 
[0483] A third method in accordance with the present invention uses at least the two basic structures each compns.ng 
the cyclic polyolefin sheet 1 and the deposited inorganic oxide thin film 2, sandwiches the high-strength res.n sheet 
204 between the two basic structures, and laminates the component layers by using adhesive layers 203. 
[0484] The foregoing methods of laminating at least the two basic structures each comprising the cyclic polyolefin 
sheet and the deposited inorganic oxide thin f.lm are only examples and the present invention is not l.m.ted thereta 
[0485] When necessary, the surface of the deposited inorganic oxide thin film 2 formed on the cyclic polyolefin sheet 
1 or the surface of the cyclic polyolefin sheet 1 to be bonded to another surface may be processed for adhes.on 
improvement by a surface pretreatment process, such as a corona discharge process, an ozone process, a low-tem- 
perature or atmospheric pressure plasma process, a glow-discharge process, an oxidat.on process using a chem.cal 

[0486]" k The surface pretreatment process may be an independent process to be carried out after forming the depos- 
ited inorganic oxide thin film. When the surface treatment process is a low-temperature plasma process or a glow 
discharge process, the surface pretreatment process may be carried out in an in-line process.ng mode .n a process 
for forming the deposited inorganic oxide thin film, which is effective in reducing the manufacturing cost. 
[0487] The surface of the cyclic polyolefin sheet provided with the deposited inorgan.c oxide th.n film ,s fin.shed by 
the surface pretreatment process for the adhesion improvement of the same. The improvement of adhesion can be 
achieved also by forming a layer of a primer, an undercoater, an anchoring agent or the like, for example, on the surface 
of the deposited inorganic oxide thin film or the surface of the cyclic polyolefin sheet. 

[0488] Suitable materials for forming the coating layer are. for example, composite resins contam.ng a polyester 

resin, a polyurethane resin, an acrylic resin or the like as a principal component of a vehicle. 

[0489] The coating layer may be formed of a coating material of, for example, a solvent type, an aqueous solution 
type or an emulsion type by a roll coating process, a gravure roll coating process, a kiss-roll coating process or the lite 
[0490] Methods of fabricating solar battery modules from those materials will be descnbed. A known method uses 
the protective sheet in accordance with the present invention for a solar battery module as the front surface Protective 
sheet or the back surface protective sheet of the solar battery module. The method fabricates a solar eat ery module 
by superposing the protective sheet as a front surface protective sheet, a filler layer, a photovolta.c layer of solar ceUs 
a filler layer, and an ordinary protective sheet or the protective sheet in accordance with the present mvent.on as a 
back surface protective sheet in that order in a superposed structure, when necessary, interposes layers of other 
materials between the component layers of the superposed structure, bringing the component layers of the superposed 
structure into close contact by vacuum and bonding together those component layers by a lam.nat.on process us.ng 

m°49 P lT S When necessary, and adhesive, such as a fusible adhesive, a solvent adhesive or a photocurable adhesive, 
containing, as a principal component of its vehicle, a (meta)acrylic resin, an olefin resin, a vinyl resin or the l.ke may 
be used to enhance adhesion between the layers. A ^^ iia A 
[0492] When necessary, the surface to which the filler layer is to be bonded, such as the surface of the depos.ted 
inorganic oxide thin film of the front or the back surface protective sheet of the solar battery module or the surface of 
the cyclic polyolefin sheet, may be treated by a pretreatment process, such as a corona discharge process, ozone 
process a low-temperature or atmospheric plasma process, a glow^iischarge process, an oxidation process us.ng a 
chemical or the like, before laminating the filler layer or the like to one of the surfaces of the front or the back surface 
protective sheet of the solar battery module to enhance adhesion between the contiguous layers. 
T04931 The surface pretreatment for adhesion improvement can be achieved also by forming a coating layer of coat.ng 
material, such as a primer, an undercoater, an anchoring agent or the like, on the surface of the deposited .norgan.c 
oxide thin film or the surface of the fluorocarbon resin sheet. 
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[0494] The coating material may be a composite resin containing a polyester resin, a polyurethane resin, an acrylic 
resin or the like as a principal component of a vehicle. 

[0495] The coating layer may be formed of a solvent coating material, an aqueous coating material or an emulsion 
coating material by a coating process, such as a roll coating process, a gravure roll coating process or a kiss-roll coating 
5 process. 

[0496] The surface pretreatment for adhesion improvement can be achieved by forming a nonbarrier deposited in- 
organic oxide thin film of a thickness in the range of about 20 to 100 A, preferably, in the range of 30 to 60 A as a 
surface-pretreated layer by the foregoing method of forming the deposited inorganic oxide film on the surface contig- 
uous with the filler layer, i.e., the surface of the cyclic polyoiefin sheet or the deposited inorganic oxide thin film. 

10 

Examples 

[0497] Examples of the fifth embodiment will be described hereinafter. 
15 EXAMPLE 1 
[0498] 

(1 ) A roll of a 1 00 urn thick polydicyclopentadiene sheet, i.e., base sheet, was mounted on a feed roll of a continuous 
20 vacuum evaporation system. The polydicyclopentadiene sheet was unwound and wound around a coating drum 

and a 500 A thick deposited aluminum oxide thin film was deposited on a treated surface of the polydicyclopen- 
tadiene sheet treated for adhesion improvement by a reactive vacuum evaporation process of an electron beam 
(EB) heating system to form a coated polydicyclopentadiene sheet. Aluminum was used as an evaporation source 
and oxygen gas was supplied to the continuous vacuum evaporation system. 
25 Deposition conditions: 

Evaporation source: Aluminum 
Vacuum in vacuum chamber: 7.5X10" 6 mbar 
Vacuum in deposition chamber: 2.1 x10 -6 mbar 
30 EB power: 40 kW 

Sheet moving speed: 600 m/min 

(2) The 500 A thick deposited aluminum oxide thin film of the coated polydicyclopentadiene sheet was subjected 
to a glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma process 
was carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output immediately after 

. the deposition of the 500 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, an 
oxygen/argon mixed gas of 19/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/argon mixed gas 
is maintained at 6x10 -5 torr and the processing speed was 420 m/mtn. 

(3) A laminating adhesive layer of a polyurethane laminating adhesive consisting of a polyesterpolyol resin con- 
taining 5% by weight of benzotriazole ultraviolet absorber, and a diisocyanate compound was formed in 1 .0 g/m 2 
(dry state) in coating rate by a gravure roll coating process on the plasma-processed surface of the deposited 
aluminum oxide film of one of two coated polydicyclopentadiene sheets similar to that formed by (1 ) and (2). The 
two coated polydicyclopentadiene sheets were disposed with the laminating adhesive layer of one of the coated 
polydicyclopentadiene sheet and the plasma-processed surface of the deposited aluminum oxide thin film of the 
other coated polydicyclopentadiene sheet, and the two coated polydicyclopentadiene sheets were laminated by 
a dry lamination process to form a protective sheet for a solar battery module. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 jim 
thick ethylene-vinyl acetate copolymer sheet and a 50 \xm thick biaxially oriented polyethylene terephthalate film 
were superposed in that order with the surface of the 38 jim thick biaxially oriented polyethylene terephthalate film 
provided with the array of amorphous silicon solar cells facing the front surface protective sheet. Those component 
layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 

(5) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 jim thick polycyclopentadiene sheet 
was used instead of the 100 urn thick polydicyclopentadiene sheet. 

[0499] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
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components were fabricated by the same processes, except that the two coated polyd.cyclopentad.ene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polyd.cyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentad.ene sheet. 

EXAMPLE 2 
[0500] 

(1) A roil of a 100 urn thick polydicyclopentadiene sheet, i.e., base sheet, was mounted on a feed roll of a plasma 
chemical vapor deposition system. A 500 A thick deposited silicon oxide thin film was deposited on a treated 
surface of the polydicyclopentadiene sheet treated for adhesion improvement under the following cond.t.ons to 
form a coated polydicyclopentadiene sheet. 
Deposition conditions: 

Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 1/10/10 (Unit: slm) 
Vacuum in vacuum chamber: 5.0x1 Or 6 mbar 
Vacuum in deposition chamber: 6.0x1 Or 2 mbar 
Power supplied to cooling electrode drum: 20 kW 
Film moving speed: 80 m/min 

Surface for vapor deposition: Corona-processed surface 

(2) The 500 A thick deposited silicon oxide thin film of the coated polydicyclopentadiene sheet was subjected to 
a corona discharge process to form a corona-processed surface and to increase the surface tension of the depos- 
ited silicon oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 10 kW and the sheet was moved 
at a moving speed of 100 m/min. . 

(3) A laminating adhesive layer of 1.0 g/m* (dry state) in coating rate of a polyurethane laminating adhesive con- 
sisting of a polyesterpolyol resin containing 1.5% by weight of a benzotriazole ultraviolet absorber and 1.t/o by 
weight of a hindered amine photostabilizer, and a diisocyanate compound was formed on the corona-processed 
surface of the deposited silicon oxide film of one of two coated polydicyclopentadiene sheets similar to that formed 
by (1) and (2). the two coated polydicyclopentadiene sheets were disposed with the laminating adhesive layer of 
one of the two coated polydicyclopentadiene sheets facing the corona-processed surface of the other coated 
polydicyclopentadiene sheet, and the two coated polydicyclopentadiene sheets were laminated by a dry lamination 
process to form a protective sheet in accordance with the present invention for a solar battery module. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet The front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, a 38 pm thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells a 400 pm 
thick ethylene-vinyl acetate copolymer sheet and a 50 pm thick biaxially oriented polyethylene terephthalate fi m 
were superposed in that order with the surface of the 38 pm thick biaxially oriented polyethylene terephthalate film 
provided with the array of amorphous silicon solar cells facing the front surface protective sheet. Those component 
layers were laminated by using adhesive layers of an acrylic resin to complete a solar battery module^ 

(5) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 pm thick polycyclopentadiene was 
used instead of the 100 pm thick polydicyclopentadiene sheet. 

[0501 1 A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
posed and bonded together with the deposited silicon oxide thin film of one of the coated polydicyclopentad.ene sheets 
bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentad.ene sheet. 

EXAMPLE 3 
[0502] 

(1) A 100 urn thick polydicyclopentadiene sheet containing an ultraviolet absorber was used as a base sheet. A 
500 A thick deposited silicon oxide thin film was deposited on a surface of the polydicyclopentadiene sheet under 
the same conditions as those in Example 2. The surface of the deposited silicon oxide thin film was subjected to 
a corona discharge process to form a corona-processed surface. 

(2) A 500 A thick deposited aluminum oxide thin film was deposited on the corona-processed surface of the de- 
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posited silicon oxide thin film formed on the polydicyclopentadiene sheet under the same conditions as those in 
Example 1 . A coated polyvinyl fluoride film was completed by subjecting the surface of the deposited aluminum 
oxide thin film to a plasma process to form a plasma-processed surface therein. 

(3) A laminating adhesive layer of a polyurethane laminating adhesive consisting of a polyesterpolyol resin con- 
5 taining a small amount of an ultraviolet absorber containing uttrafine titanium oxide powder (particle size: 0.01 to 

0.06 urn), and a diisocyanate compound was formed in a coating rate of 5.0 g/m 2 (dry state) on the plasma- 
processed surface of the deposited aluminum oxide film of each of two coated polydicyclopentadiene sheets similar 
to that formed by (1 ) and (2) by a gravure roll coating process. The two coated polydicyclopentadiene sheets were 
bonded together with the laminating adhesive layers thereof in contact with each other to complete a protective 
io sheet in accordance with the present invention for a solar battery module. 

(4) A solar battery module was fabricated by using the protective sheet thus fabricated as a front surface protective 
sheet. The front surface protective sheet, a 400 u,m thick ethylene-vinyl acetate copolymer sheet, a 38 u.m thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 u.m 
thick ethylene-vinyl acetate copolymer sheet and a 50 urn thick biaxially oriented polyethylene terephthalate film 

15 were superposed in that order with the surface of the 38 nm thick polyethylene terephthalate film provided with 

the array of amorphous silicon solar cells facing the front surface protective sheet. Those component layers were 
laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 

(5) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 100 jam thick polycyclopentadiene sheet 

20 was used instead of the 100 [im thick polydicyclopentadiene sheet. 

[0503] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
25 diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 4 

[0504] An anchoring layer of a polyurethane anchoring agent was formed in a coating rate of 0.5 g/m 2 (dry state) by 
30 a gravure roll coating process on the plasma-processed surface of the deposited aluminum oxide film of each of two 
coated polydicyclopentadiene sheets similar to that in Example 1 . A 30u.m thick polydicyclopentadiene film was formed 
on the anchoring layer of each of the two coated polydicyclopentadiene sheets by an extrusion coating process. Thus 
a protective sheet in accordance with the present invention for a solar battery module was completed. 
[0505] A solar battery module employing the protective sheet as its front surface protective sheet was fabricated by 
35 the same processes as those in Example 1 . 

[0506] Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a polycyclopentadiene film was used instead 
of the polydicyclopentadiene film. 

[0507] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
40 components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 5 

45 

[0508] An anchoring layer of a polyurethane anchoring agent was formed in a coating rate of 0.5 g/m 2 (dry state) by 
a gravure roll coating process on the corona-processed surface of the deposited silicon oxide film of each of two coated 
polydicyclopentadiene sheets similar to that in Example 2. A 30 |im thick polydicyclopentadiene film was formed on 
the anchoring layer of each of the two coated polydicyclopentadiene sheets by an extrusion coating process. Thus a 
50 protective sheet in accordance with the present invention for a solar battery module was fabricated. 

[0509] A solar battery module employing the protective sheet as its front surface protective sheet was fabricated by 
the same processes as those in Example 2. 

[0510] Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a polynorbornadiene resin was used instead 
55 of the polydicyclopentadiene resin. 

[0511] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited silicon oxide thin film of one of the coated polydicyclopentadiene 
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sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 
EXAMPLE 6 

[051 21 A laminating adhesive layer of a two-component polyurethane laminating adhesive containing a small amount 
of an ultraviolet absorber containing ultrafine titanium oxide powder (particle size: 0.01 to 0.06 urn) was formed in a 
coating rate of 1 .0 g/m? (dry state) by a gravure roll coating process on the plasma-processed surface of the deposited 
aluminum oxide film of each of two coated polydicyclopentadiene sheets similar to that in Example 1 A 20 urn thick 
polydicyclopentadiene film was sandwiched between the laminating adhesive layers of the coated polydicyclopenta- 
diene sheets, and those component layers were laminated by a dry lamination process to complete a protective sheet 
in accordance with the present invention for a solar battery module. 

[0513] A solar battery module employing the protective sheet was fabricated by the same processes as those in 
Example 1 

[0514] Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a polycyclopentadiene film was used instead 
of the polydicyclopentadiene film. 

[051 5] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 7 
[0516] 

(1) Protective sheets that are the same as the protective sheet in Example 1 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous sHicon solar 
cells a 400 urn thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with 'the surface of the 38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon 
solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 100 urn thick polycyclopentadiene sheets were 
used instead of the 100 um thick polydicyclopentadiene sheets. 

[051 7] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 8 
[0518] 

(1) Protective sheets that are the same as the protective sheet in Example 2 were used as the front surface pro- 
tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 pm thick ethylene-vinyl acetate copolymer sheet, 
a 38 um thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous s.hcon solar 
cells a 400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 
with 'the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon 
solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that 100 pm thick polycyclopentadiene sheets were 
used as the base sheets instead of the 100 pm thick polydicyclopentadiene sheets. 
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[0519] Third protective sheets in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited silicon oxide thin film of one of the coated polydicyclopentadiene 
sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

5 

EXAMPLE 9 
[0520] 

w (1 ) Protective sheets that are the same as the protective sheet in Example 3 were used as the front surface pro- 

tective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fab- 
ricated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, 
a 38 urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar 
cells, a 400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order 

15 with the surface of the 38 urn thick polyethylene terephthalate film provided with the array of amorphous silicon 

solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

(2) Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 100 urn thick polycyclopentadiene sheet) con- 
20 taining an ultraviolet absorber was used instead of the 100 um thick polydicyclopentadiene sheet containing an 

ultraviolet absorber. 

[0521] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polyvinyl fluoride sheets were super- 
25 posed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopentadiene 
sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 10 

30 [0522] Protective sheets that are the same as the protective sheet in Example 4 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fabri- 
cated by superposing the front surface protective sheet, a 400 urn thick ethylene-vinyl acetate copolymer sheet, a 38 
urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 
400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface 

35 of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 
front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
[0523] A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a polycyclopentadiene resin was used instead of the 
polydicyclopentadiene resin. 

to [0524] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

45 EXAMPLE 11 

[0525] Protective sheets that are the same as the protective sheet in Example 5 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fabri- 
cated by superposing the front surface protective sheet, a 400 (am thick ethylene-vinyl acetate copolymer sheet, a 38 

50 thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 

400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface 
of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 
front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
[0526] Protective sheets in accordance with the present invention and another solar battery module of the same 

55 components were fabricated by the same processes, except that a polycyclopentadiene resin was used instead of the 
polydicyclopentadiene resin. 

[0527] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
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superposed and bonded together with the deposited silicon oxide thin film of one of the coated polydicyclopentadiene 
sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 



EXAMPLE 12 

[0528] Protective sheets that are the same as the protective sheet in Example 6 were used as the front surface 
protective sheet and the back surface protective sheet of a solar battery module. The solar battery module was fabri- 
cated by superposing the front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 
urn thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 
400 um thick ethylene-vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface 
of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 
front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 
[0529] Protective sheets in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a polycyclopentadiene film was used instead of the 
polydicyclopentadiene film. 

[0530] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 13 
[0531] 

(1 ) A protective sheet that is the same as the protective sheet in Example 1 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 3 mm thick glass sheet, 
a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented polyethylene terephthalate 
film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene-vinyl acetate copolymer sheet 
and the back surface protective sheet in that order with the surface of the 38 um thick polyethylene terephthalate 
film provided with the array of amorphous silicon solar cells facing the 3 mm thick glass sheet, and laminating 
those component layers by using adhesive layers of an acrylic resin. 

(2) A protective sheet in accordance with the present invention and another solar battery module of the same 
components were fabricated by the same processes, except that a 100 um thick polycyclopentadiene was used 
instead of the 100 um thick polydicyclopentadiene sheet. 

[0532] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopenta- 
diene sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

EXAMPLE 14 
[0533] 

(1 ) A protective sheet that is the same as the protective sheet in Example 2 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 50um thick fluorocarbon 
resin sheet a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented polyethylene 
terephthalate film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene-vinyl acetate 
copolymer sheet and the back surface protective sheet in that order with the surface of the 38 pm thick polyethylene 
terephthalate film provided with the array of amorphous silicon solar cells facing the 50 um thick fluorocarbon resin 
sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 

(2) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 1 00 um thick polycyclopentadiene sheet 
was used as a base sheet instead of the 100 um thick polydicyclopentadiene sheet. 

[0534] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets were 
superposed and bonded together with the deposited silicon oxide thin film of one of the coated polydicyclopentadiene 
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sheets bonded to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 
EXAMPLE 15 
5 [0535] 

(1 ) A protective sheet that is the same as the protective sheet in Example 3 was used as the back surface protective 
sheet of a solar battery module. The solar battery module was fabricated by superposing a 100 um thick polydicy- 
clopentadiene sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially oriented 
10 polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 um thick ethylene- 

vinyl acetate copolymer sheet and the back surface protective sheet in that order with the surface of the 38 um 
thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the 100um 
thick polydicyclopentadiene sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

*5 (2) Another protective sheet in accordance with the present invention and another solar battery module of the 

same components were fabricated by the same processes, except that a 100 urn thick polycyclopentadiene sheet 
containing an ultraviolet absorber() was used as a base sheet instead of the 100 urn thick polydicyclopentadiene 
sheet containing an ultraviolet absorber. 

20 [0536] A third protective sheet in accordance with the present invention and a third solar battery module of the same 
components were fabricated by the same processes, except that the two coated polydicyclopentadiene sheets each 
provided with the deposited silicon oxide thin film and the deposited aluminum oxide thin film were superposed and 
bonded together with the deposited aluminum oxide thin film of one of the coated polydicyclopentadiene sheets bonded 
to the polydicyclopentadiene sheet of the other coated polydicyclopentadiene sheet. 

25 

COMPARATIVE EXAMPLE 1 

[0537] A solar battery module was fabricated by superposing a 100 um thick polydicyclopentadiene sheet, i.e., base 
sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um thick biaxially 
30 oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400um thick ethylene- 
vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film in that order with 
the surface of the 38 um thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells 
facing the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic 
resin. 

35 

COMPARATIVE EXAMPLE 2 

[0538] A solar battery module was fabricated by superposing a 50 um thick polyvinyl fluoride sheet (PVF sheet), i. 
e., base sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 um 
40 thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 
um thick ethylene-vinyl acetate copolymer sheet and a 50 um thick biaxially oriented polyethylene terephthalate film 
in that order with the surface of the 38 urn thick polyethylene terephthalate film provided with the array of amorphous 
silicon solar cells facing the front surface protective sheet, and laminating those component layers by using adhesive 
layers of an acrylic resin. 

45 

COMPARATIVE EXAMPLE 3 

[0539] A solar battery module was fabricated by superposing a 100 um thick polydicyclopentadiene sheet, i.e., base 
sheet, as a front surface protective sheet, a 400 um thick ethylene-vinyl acetate copolymer sheet, a 38 pm thick biaxially 
50 oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400um thick ethylene- 
vinyl acetate copolymer sheet and a 100 um thick polydicyclopentadiene sheet, i.e., base sheet, as a back surface 
protective sheet in that order with the surface of the 38 um thick polyethylene terephthalate film provided with the array 
of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component layers by 
using adhesive layers of an acrylic resin. 

55 

COMPARATIVE EXAMPLE 4 

[0540] A solar battery module was fabricated by superposing a 50 um thick polyvinyl fluoride film (PVF film), i.e., 
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base sheet as a front surface protective sheet, a 400 u.m thick ethylene-vinyl acetate copolymer sheet, a 38 urn thick 
biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells, a 400 urn 
thick ethylene-vinyl acetate copolymer sheet and a 50 urn thick polyvinyl fluoride film (PVF film), i.e.. base sheet as 
a back surface protective sheet in that order with the surface of the 38 urn thick polyethylene terephthalate film provided 
with the array of amorphous silicon solar cells facing the front surface protective sheet, and laminating those component 
layers by using adhesive layers of an acrylic resin. 

EXPERIMENTS 

[05411 The protective sheets in Examples 1 to 15 of the present invention and those in Comparative examples 1 to 
4 were subjected to total transmittance measurement. The solar battery modules in Examples 1 to 1 5 and Comparative 
examples 1 to 4 were subjected to solar battery module evaluation tests. 

(1) Total Transmittance Measurement 

[0542] Total transmittance (%) of each of the protective sheets in Examples 1 to 1 5 and Comparative examples 1 to 
4 against the total transmittance of the base sheet as a reference total transmittance was measured by a color computer. 

(2) Solar Battery Module Evaluation Tests 

[0543] The solar battery modules were subjected to environmental tests in conformity to conditions specified in JIS 
C8917-1989. Photovoltaic output of the solar battery modules was measured before and after environmental tests. 

(3) Moisture Permeability and Oxygen Permeability 

[0544] The moisture permeabilities of the protective sheets in Examples 1 to 1 5 and Comparative examples 1 to 4 
were measured in an atmosphere of 40° C and 90% RH by a moisture permeability measuring apparatus (PERMAT- 
RAN MOCON USA) The oxygen permeabilities of the protective sheets in Examples 1 to 22 and Comparative ex- 
amples 1 to 5 were measured in an atmosphere of 23°C and 90% RH by an oxygen permeability measuring apparatus 
(OXTRAN, MOCON, USA). 
[0545] Measured data is tabulated in Table 5-1. 

Table 5-1 





Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 
ratio (%) 


Example 1 


92 


0.2 


0.4 


2 


Example 2 


91 


0.3 


0.4 


3 


Example 3 


90 


0.1 


0.2 


1 


Example 4 


93 


0.3 


0.6 


3 


Example 5 


91 


0.4 


0.5 


1 


Example 6 


92 


0.2 


0.4 


3 


Example 7 


92 


0.2 


0.4 


1 


Example 8 


91 


0.3 


0.4 


2 


Example 9 


90 


0.1 


0.2 


1 


Example 10 


93 


0.3 


0.6 


2 


Example 11 


92 


0.4 


0.5 


1 


Example 12 


92 


0.2 


0.4 


1 


Example 13 


92 


0.2 


0.4 


5 


Example 14 


91 


0.3 


0.4 


4 
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Table 5-1 (continued) 





Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 
ratio (%) 


Example 15 


90 


0.1 


0.2 


3 


Comparative 
Example 1 


92 


1.2 


200.0 


10 


Comparative 
Example 2 


93 


26.3 


27.2 


15 


Comparative 
Example 3 


92 


1.2 


200.0 


8 


Comparative 
Example 4 


93 


26.3 


27.2 


11 



10 



15 



20 



25 



30 



35 



40 



50 



[0546] In table 5-1, moisture permeability is expressed in a unit of g/m 2 /day-40° c-100% RH f and oxygen permeability 
is expressed in a unit of cc/m 2 /day-23° C-90% RH. 

[0547] As obvious from Table 5-1, the protective sheets in Examples 1 to 15 have high total transmittances, respec- 
tively, and are excellent in moisture impermeability and oxygen impermeability. 

[0548] The output reduction ratios of the solar battery modules employing the protective sheets in Examples 1 to 15 
were low. 

[0549] The protective sheets in Comparative examples 1 to 4 had high total transmittances, respectively. However, 
the moisture impermeabilities and the oxygen impermeabilities of the protective sheets in Comparative examples 1 to 
4 were low. Consequently, the output reduction ratios of the solar battery modules employing the protective sheets in 
Comparative examples 1 to 4 were high. 

[0550] As apparent from the foregoing description, the present invention uses a cyclic polyolefin sheet as a base 
sheet, fabricates a coated fluorocarbon resin sheet by forming a transparent, vitreous deposited inorganic oxide thin 
film, such as a silicon oxide thin film or an aluminum oxide thin film, on one of the surfaces of the cyclic polyolefin sheet, 
and fabricates a protective sheet for a solar battery module by laminating at least two coated cyclic polyolefin sheets 
similar to the foregoing coated cyclic polyolefin sheet by an adhesive layer or the like, uses the protective sheet as the 
front surface protective sheet or the back surface protective sheet of a solar battery module; fabricates a solar battery 
module by, for example, superposing the protective sheet as a front surface protective sheet, a filler layer, a film provided 
with solar cells, i.e., photovoltaic cells, a filler layer and the protective sheet as a back surface protective sheet in that 
order in a superposed structure, bringing the component layers of the superposed structure into close contact by 
vacuum and bonding together those component layers by a lamination process using hot pressing; and the protective 
sheet transmits sunlight at a high transmittance, is excellent in strength, weather resistance, heat resistance, water 
resistance, light resistance, wind endurance, hailstorm resistance, chemical resistance, moisture resistance and soil 
resistance, has a high impermeability to moisture and oxygen, limits performance degradation due to aging to the least 
extent, very durable, has excellent protective ability, and can be used for the stable fabrication of a low-cost, safe solar 
battery module. 

[0551] The materials mentioned in the description of the first to the fourth embodiment are applicable to the fifth 
embodiment, by a lamination process using hot pressing; and the protective sheet transmits sunlight at a high trans- 
mittance, is excellent in strength, weather resistance, heat resistance, water resistance, light resistance, wind endur- 
ance, hailstorm resistance, chemical resistance, moisture resistance and soil resistance, has a high impermeability to 
moisture and oxygen, limits performance degradation due to aging to the least extent, very durable, has excellent 
protective ability, and can be used for the stable fabrication of a low-cost, safe solar battery module. 
[0552] The materials mentioned in the description of the first to the fourth embodiment are applicable to the fifth 
embodiment. 

SIXTH EMBODIMENT 

[0553] The present invention will be described hereinafter with reference to the accompanying drawings. 
[0554] Figs. 24 to 28 are typical sectional views of protective sheets in accordance with the present invention for 
solar battery modules, and Fig. 29 is a typical sectional view of a solar battery module employing a protective sheet 
shown in Fig. 24. 
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[0555] Referring to Fig 24, a front surface protective sheet A in a first example of the sixth embodiment of the present 
invention for a solar battery module comprises a fluorocarbon resin sheet (weather-resistant sheet) 1 and deposited 
inorganic oxide film 2 deposited on one of the surfaces of the fluorocarbon resin sheet 1 . A soil resistant layer 303 and/ 
or an ultraviolet absorbing layer 304 is formed on one of the surfaces of the fluorocarbon resin sheet 1 . 

5 [05561 Referring to Fig. 25, a front surface protective sheet A, in a second example of the sixth embodiment of the 
present invention for a solar battery module comprises a fluorocarbon resin sheet 1, a deposited inorganic ox.de thin 
film 2 deposited on one of the surface of the fluorocarbon resin sheet 1, an ultraviolet absorbing layer 304 formed on 
the other surface of the fluorocarbon resin sheet 1, and a soil-resistant layer 303 formed on the ultraviolet absorbing 
layer 304 The soil-resistant layer 303 forms the outermost surface of the front surface protective sheet A,. 

10 [05571 Referring to Fig. 26, a front surface protective sheet in a third example of the sixth embodiment of the 
present invention for a solar battery module comprises a fluorocarbon resin sheet 1, a deposited inorganic ox.de thin 
film 2 formed on one of the surfaces of the fluorocarbon resin sheet 1 , a soil-resistant layer 303 formed on the surface 
of the fluorocarbon resin sheet 1 , and an ultraviolet absorbing layer 304 formed on the deposited inorgan.c oxide thin 
film 2 The soil-resistant layer 303 forms the outermost surface of the front surface protective sheet A^ 

15 [0558] In the front surface protective sheets shown in Figs. 25 and 26, the surface of the fluorocarbon resin sheet 1 
may be processed to form a surface-treated layer 3 therein. 

[0559] Referring to Fig. 27, a front surface protective sheet A 3 in a fourth example of the sixth embodiment of the 
present invention for a solar battery module comprises a fluorocarbon resin sheet 1, a multilayer film 4 consisting of 
at least two deposited inorganic oxide thin films 2 and formed on one of the surfaces of the fluorocarbon res.n sheet 
20 1 , and a soil-resistant layer 303 and/or an ultraviolet asorbing layer 304 formed on one of or both the surfaces of the 
fluorocarbon resin sheet 1 provided with the multilayer film 4. 

[0560] Referring to Fig. 28, a front surface protective sheet A 4 in a fifth example of the sixth embodiment of the 
present invention for a solar battery module comprises a fluorocarbon resin sheet 1, a multilayer film 5 consisting of 
at lest a deposited inorganic oxide thin film 2a formed by a chemical vapor deposition process and a deposited inorgan.c 
25 oxide film 2b formed on the deposited inorganic oxide thin film 2a by a physical vapor deposition process, and formed 
on one of the surfaces of the fluorocarbon resin film 1 , a soil-resistant layer 303 and/or an ultraviolet absorber layer 
304 formed on one of or both the surfaces of the fluorocarbon resin sheet 1 . 

[0561] Referring to Fig. 29, a solar battery module T employs the protective sheet A shown in Fig. 24 as .ts front 
surface protective sheet. The solar battery module T is fabricated by superposing the front surface protective sheet A, 

30 a filler layer 12, a photovoltaic layer 13 of solar cells, a filler layer 14 and a back surface protective sheet 15 .n that 
order in a superposed structure with the deposited inorganic oxide thin film 2 of the front surface protectee sheet A 
facing inside and subjecting the superposed structure to a generally known forming process, such as a lamination 
process, in which those component layers of the superposed structure are brought into close contact by vacuum and 
are bonded together by hot pressing. K ««^, 

35 [0562] The foregoing protective sheets in accordance with the present invention and the foregoing solar battery 
module employing those protective sheets are examples intended to illustrate the invention and not to be construed 
to limit the scope of the invention. 

[0563] For example, the foregoing solar battery modules may comprise additional layers for sunl.ght absorption, 
reinforcement or the like. 

40 [0564] The soil-resistant layer 303 included in the front surface protective sheet in accordance with the present 
invention and the solar battery module is a coating film of a composite material containing photocatalytic powder con- 
taining titanium oxide as a principal component or a sol containing fine particles. 

[0565] A solvent aqueous or emulsion composite material containing a photocatalytic powder for forming the coating 
film is prepared by preparing a mixture of one or some kinds of photocatalytic powder, one or some kinds of bonding 

45 agents as a vehicle, when necessary, additives for the improvement or modification of the workability, heat resistance, 
light resistance, water resistance, weather resistance, mechanical or chemical properties, dimensional stability, ox.da- 
tion resistance slipperiness, reieasability, flame retardancy, antifungal property, electric properties and the like, such 
as a lubricant a crosslinking agent, an oxidation inhibitor, an ultraviolet absorber, a light stabilizer, a filler, a reinforcing 
material a stiffener, an antistatic agent, a flame retarder, a flame-resistant agent, a foaming agent, an ant.fungus agent, 

50 a pigment and the like, a solvent, and a diluent, and kneading the mixture. The concentration of each of the ingredients 
is determined so that the ingredients may not affect sunlight transmittance. The coating film is formed by spreading 
the composite material by, for example, any one of coating processes including a floating-knife coating process, a 
knife-over-roll coating process, an inverted knife coating process, a squeeze roll coating process, a reverse roll coating 
process a roll coating process, a gravure roll coating process, a kiss-roll coating process, an air blade coating process, 

55 an extrusion coating process, a curtain-flow coating process and the like, or any one of printing processes mclud.ng a 
gravure printing process, an offset printing process, a silk-screen printing process, a transfer print.ng process and the 
like 

[0566] The desirable thickness of the coating film as dried is in the range of 0.1 to 10 g/m 2 , more preferably, in the 
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range of 0.5 to 1 g/m 2 . 

[0567] The photocatalytic powder may be a chemical substance having functions to promote the degradation, de- 
struction, decomposition or reduction in molecular weight of a resin due to oxidation or the like caused by the operation 
of light, such as sunligt, and to facilitate keeping the surface of the soil-resistant layer clean by destroying the adhesion 
5 of dust to the surface of the soil-resistant layer and enabling wind and rain to remove dust from the surface of the soil- 
resistant layer. 

[0568] The photocatalytic powder may be powder of any one of, for example, T»0 2 . ZnO, SrTi0 3 , CdS, CaP, InP, 
GaAs. BaTi0 2 , K 2 Ti0 3 , K 2 Nb0 3 , Fe 2 ) 3 , Ta 2 0 3 , W0 3 , Sn0 2 , Bi 2 0 5 , NiO, Cu 2 O r SiC, Si0 2 , MoS 2 , InPb, Ru0 2 , Ce0 2 
and the like, any one of metals including Pt, Rh, Ru0 2 , Nb, Cu, Sn, Ni and Fe, or any one of composite material 

10 prepared by mixing one or some of those metals and/or one or some of those metal oxides. 

[0569] The photocatalytic powder content of the composite material is dependent on the shape and density of par- 
ticles and a preferable photocatalytic powder content is in the range of about 0.1 to about 30% by weight. 
[0570] A bonding agent capable of forming a film, excellent in light resistance, heat resistance, water resistance and 
the like, capable of increasing the hardness of the coatign film, excellent in scratch resistance and abrasion resistance 

15 and immune to the effect of the photoactivity of the photocatalytic powder may e used as the vehicle. Possible materials 
for use as the bonding agent are, for example, polyethylene resins, polypropylene resins, ethylene-vinyl acetate co- 
polymers, ionomers, ethylene-ethyl acrylate copolymers, ethylene-acrylate or methacrylate copolymers, methyl pen- 
tene polymers, polybutene resins, polyvinyl chloride resins, polyvinyl acetate resins, vinyl chloride-vinylidene chloride 
copolymers, poly(meta)acrylic resins, polyacrylonitrile resins, polystyrene resins, acrylonitrile-styrene copolymers (AS 

20 resins), Acrylonitrile-butadiene-styrene copolymers (ABS resins), polyester resins, polyamide resins, polycarbonate 
resins, polyvinyl alcohol resins, saponified ethylene vinyl acetate copolymers, fluorocarbon resins, diene resins, poly- 
acetal resins, polyurethane resins, epoxy resins, phenolic resins, amino resins, silicone resins, nitrocellulose, inorganic 
polymers and the like, modified resins, and a mixture of some of those resins. 

[0571] It is particularly preferable to use one or some of low-melting glass, alkali metal silicates, phosphates, colloidal 
25 silica and inorganic polymers among those bonding agents immune to the influence of the photocatalytic powder. 

[0572] According to the present invention, an activity blocking layer 303a (Fig. 26) may be interposed between the 
soil-resistant layer 303 and the ultraviolet absorbing layer or the fluorocarbon resin sheet underlying the soil-resistant 
sheet 303 to prevent the degradation, decomposition or destruction of the ultraviolet absorbing layer or the fluorocarbon 
resin sheet due to the influence of the photoactivity of the photocatalytic powder contained in the soil-resistant layer 
30 303. Generally, the activity blocking layer 303a is formed under the soil-resistant layer. 

[0573] A transparent, deposited inorganic oxide thin film, such as a deposited silicon oxide thin film or a deposited 
aluminum oxide thin film, may be used as the activity blocking layer 303a. 

[0574] The deposited inorganic oxide thin film that serves as the activity blocking layer can be formed by the foregoing 
film forming process, the thickness of the deposited inorganic oxide thin film is in the range of about 100 to about 3000 
35 A, preferably, in the range of 100 to 1500 A. 

[0575] When necessary, a bodning primer layer or the like may be used for forming the coating film of a composite 
material containing photocatalytic powder and serving as the soil-resistant layer 303 to enhance the adhesion of the 
soil-resistant layer 303 to the underlying layer. 

[0576] The bonding primer layer may be formed of, for example, a material capable of forming an inorganic primer 
^0 layer that will not be decomposed by the photoactivity of the photocatalytic powder contained in the soil-resistant layer. 
Representative materials suitable for forming the primer layer are alkyl titanates including tetraisopropyl titanate, 
tetrabutyl titanate and tetrastearyl titanate, a product obtained through the hydrolysis of titanium chelate, and inorganic 
polysilazane (perhydropolysilazane). 

[0577] In the present invention, tetraisopropyl titanate tetrabutyl titanate are particularly preferable because they are 

45 hydrolyzed very quickly and can be decomposed after forming a coating. 

[0578] Description will be given of the ultraviolet absorbing layer 304 of the front surface protective sheet in accord- 
ance with the present invention for a solar battery module, and the solar battery module. A solvent, aqueous or emulsion 
composite material for forming the ultraviolet absorbing layer 304 is prepared by preparing a mixture of one or some 
kinds of ultraviolet absorbers, one or some kinds of bonding agents as a vehicle photocatalytic powder, one or some 

50 kinds of bonding agents as a vehicle and, when necessary, additives for the improvement or modification of the work- 
ability, heat resistance, light resistance, water resistance, weather resistance, mechanical or chemical properties, di- 
mensional stability, oxidation resistance, slipperiness, releasability, flame retardancy, antifungal property, electric prop- 
erties and the like, such as one or some of a lubricant, a crosslinking agent, an oxidation inhibitor, a stabilizer, a filler, 
a reinforcing material, a stiffener, an antistatic agent, a flame retarder, a flame-resistant agent, a foaming agent, an 

55 antifungus agent, a pigment and the like, a solvent, and a diluent, and kneading the mixture. The concentration of each 
of the ingredients is determined so that the ingredients may not affect sunlight transmittance. The coating film is formed 
by spreading the composite material by, for example, any one of coating processes including a floating-knife coating 
process, a knife-over-roll coating process, an inverted knife coating process, a squeeze roll coating process, a reverse 
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roll coating process, a roll coating process, a gravure roll coating process, a kiss-roll coating process, an air blade 
coating process, an extrusion coating process, a curtain-flow coating process and the like, or any one of printing proc- 
esses including a gravure printing process, an offset printing process, a silk-screen printing process, a transfer printing 
process and the like. 

[0579] The desirable thickness of the coating film as dried is in the range of 0.1 to 10 g/m 2 , more preferably, in the 
range of 0.5 to 1 g/m 2 . 

[0580] The ultraviolet absorber absorbs detrimental ultraviolet rays contained in sunlight, converts the energy of 
ultraviolet rays into harmless thermal energy in its molecules to prevent active species that starts the photodeterioration 
of polymers from being excited. One or some of ultraviolet absorbers, such as those of a benzophenone group, a 
benzotriazole group, a salicylate group, an acrylonitrile group, metallic complex salts, a hindered amine group and an 
inorganic ultraviolet absorber, such as ultrafine titanium oxide powder (particle size: 0.01 to 0.06 u.m) or ultrafine zinc 
oxide powder (particle size: 0.01 to 0.04 ujti), may be used. 

[0581] The ultraviolet absorber content of the composite material is dependent on the shape and density of the 
particles and a preferable ultraviolet absorber content is in the range of about 0.1 to about 20% by weight. 
[0582] The bonding agent used for preparing the composite material for forming the coating film serving as the dust- 
resistant layer and containing the photocatalytic powder may be used as the bonding agent serving as a vehicle. 

Examples 

[0583] Examples of the sixth embodiment will be described hereinafter. 

EXAMPLE 1 

[0584] 

(1) A roll of a 50 \im thick polyvinyl fluoride sheet (PVF sheet), i.e., base sheet, was mounted on a feed roll of a 
continuous vacuum evaporation system. The polyvinyl fluoride sheet was unwound and wound around a coating 
drum and a 300 A thick deposited aluminum oxide thin film was deposited on a treated surface of the polyvinyl 
fluoride sheet treated for adhesion improvement by a reactive vacuum evaporation process of an electron beam 
(EB) heating system to form a coated polyvinyl fluoride sheet. Aluminum was used as an evaporation source and 
oxygen gas was supplied to the continuous vacuum evaporation system. 

Deposition conditions: 

Evaporation source: Aluminum 

Vacuum in vacuum chamber: 7.5x1 0" 6 mbar 

Vacuum in deposition chamber: 2.1 X10" 6 mbar 

EB power: 40 kW 

Sheet moving speed: 600 m/min 

(2) The 300 A thick deposited aluminum oxide thin film of the coated polyvinyl fluoride sheet was subjected to a 
glow-discharge plasma process to form a plasma-processed surface. The glow-discharge plasma process was 
carried out by a glow-discharge plasma producing apparatus of 1500 W in plasma output immediately after the 
deposition of the 300 A thick deposited aluminum oxide thin film. In the glow-discharge plasma process, an oxygen/ 
argon mixed gas of 19/1 in 0 2 /Ar ratio was supplied so that the pressure of the oxygen/argon mixed gas is main- 
tained at 6x1 0 5 torr and the processing speed was 420 m/min. 

An ultraviolet absorbing layer was formed in the plasma-processed surface of the deposited aluminum oxide 
thin film to complete a front surface protective sheet in accordance with the present invention. The ultraviolet 
absorbing layer was formed by coating the plasma-processed surface of the deposited aluminum oxide thin film 
with an ultraviolet absorber composite material containing 5 parts by weight of ultrafine titanium oxide powder of 
0.03 urn in particle size and 95 parts by weight of an ethylene-vinyl alcohol copolymer solution (30% solid content) 
in a coating rate of 0.5 g/m 2 (dry state) by a gravure coating process. 

(3) A solar battery module in accordance with the present invention was fabricated by using the front surface 
protective sheet thus fabricated. The front surface protective sheet and a 38 urn thick biaxially oriented polyethylene 
terephthalate film provided with an array of amorphous silicon solar cells were superposed with the plasma-proc- 
essed deposited aluminum oxide thin film facing inside and with the surface of the 38 um thick biaxially oriented 
polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing the front surface 
protective sheet. Those component layers were laminated by using an adhesive layer of an acrylic resin to complete 
a solar battery module. 
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(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
same components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of 
an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 \im thick polyvinyl fluoride sheet 
(PVF sheet). 

5 

EXAMPLE 2 
[0585] 

10 (1) A roll of a 50 u.m thick polyvinyl fluoride film (PVF film), i.e., base sheet, was mounted on a feed roll of a plasma 

chemical vapor deposition system. A 300 A thick deposited silicon oxide thin film was deposited on a treated 
surface of the polyvinyl fluoride film treated for adhesion improvement under the following conditions to form a 
coated polyvinyl fluoride sheet. 
Deposition conditions: 

75 

Reaction gas mixing ratio: Hexamethyldisiloxane/oxygen/helium = 1/10/10 (Unit: slm) 
Vacuum in vacuum chamber: 5.0x1 0 -6 mbar 
Vacuum in deposition chamber: 6.0x1 0 -6 mbar 
Power supplied to cooling electrode drum: 20 kW 
20 Film moving speed: 80 m/min 

Surface for vapor deposition: Corona-processed surface 

(2) The 300 A thick deposited silicon oxide thin film of the coated polyvinyl fluoride film was subjected to a corona 
discharge process to form a corona-processed surface and to increase the surface tension of the deposited silicon 

25 oxide thin film from 35 dyne to 60 dyne. Corona discharge power was 1 0 kW and the sheet was moved at a moving 

speed of 100 m/min. 

An ultraviolet absorbing layer was formed on the corona-processed surface of the deposited silicon oxide thin 
film to complete a front surface protective sheet in accordance with the present invention. The ultraviolet absorbing 
layer was formed by coating the corona-processed surface of the deposited silicon oxide thin film with an ultraviolet 
30 absorber composite material containing 1 part by weight of a benzophenone ultraviolet absorber and 99 parts by 

weight of a thermosetting acrylic resin solution (30% solid content)in a coating rate of 2 g/m 2 (dry state) by a 
gravure coating process. 

(3) A solar battery module was fabricated by using the front surface protective sheet thus fabricated. The front 
surface protective sheet and a 38 pun thick biaxially oriented polyethylene terephthalate film provided with an array 

35 of amorphous silicon solar cells were superposed with the corona-processed deposited silicon oxide thin film facing 

inside and with the surface of the 38 u.m thick biaxially oriented polyethylene terephthalate film provided with the 
array of amorphous silicon solar cells facing the front surface protective sheet. Those component layers were 
laminated by using adhesive layers of an acrylic resin to complete a solar battery module. 

(4) Another protective sheet in accordance with the present invention and another solar battery module of the 
40 same components were fabricated by the same processes, except that a 50 urn thick fluorocarbon resin sheet of 

an ethylene-tetrafluoroethylene copolymer (ETFE) was used instead of the 50 u.m thick polyvinyl fluoride sheet 
(PVF sheet). 

EXAMPLE 3 

45 

[0586] (1) A front surface protecting sheet in accordance with the present invention was fabricated by the same 
processes as those in (2) of Example 1 , except that, after forming the ultraviolet absorber layer on the plasma-processed 
surface of the deposited aluminum oxide thin film in (2) of Example 1, a soil-resistant layer of 1 g/m 2 (dry state) in 
coating rate was formed on the outer surface of the 50 urn thick polyvinyl fluoride film as a base sheet by spreading a 
50 photocatalytic composite material containing 10 parts by weight of ultrafine titanium oxide powder of 0.03 |im in particle 
size and 90 parts by weight of a tetraethoxysilane solution (20% solid content) by a gravure roll coating process. 
[0587] A solar battery module provided with the front surface protective sheet thus fabricated was fabricated by the 
same process as that in Example 1 . 

55 EXAMPLE 4 

[0588] (1) A front surface protecting sheet in accordance with the present invention was fabricated by the same 
processes as those in (2) of Example 2, except that, after forming the ultraviolet absorber layer on the corona-processed 
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surface of the deposited silicon oxide thin film in (2) of Example 2, a soil-resistant layer of 1 g/m* (dry state) in coating 
rate was formed on the outer surface of the 50 u.m thick polyvinyl fluoride film as a base sheet by spreading a photo- 
catalytic composite material containing 10 parts by weight of ultrafine titanium oxide powder of 0.03 urn in particle size 
and 90 parts by weight of a tetraethoxysilane solution (20% solid content) by a gravure roll coating process. 
[0589] A solar battery module provided with the front surface protective sheet thus fabricated was fabricated by the 
same process as that in Example 1 . 



EXAMPLE 5 



[0590] A front surface protecting sheet in accordance with the present invention was fabricated by the same proc- 
esses as those in (2) of Example 1, except that, an ultraviolet absorber layer was formed on a surface of the 50 urn 
thick polyvinyl fluoride film as a base sheet opposite the surface of the same on which th edeposited aluminum ox.de 
thin film was formed by the same process as that in Example 1 in (2) of Example 1 instead of forming the same on the 
plasma-processed surface of the deposited aluminum oxide thin film, and a soil-resistant layer of 1 g/m 2 (dry state) in 
coating rate was formed on the outer surface of the 50 p.m thick polyvinyl fluoride film by spreading a photocatalyt.c 
composite material containing 10 parts by weight of ultrafine titanium oxide powder of 0.03 urn in particle size and 90 
parts by weight of a tetraethoxysilane solution (20% solid content) by a gravure roll coating process. 
[0591] A solar battery module provided with the front surface protective sheet thus fabricated was fabricated by the 
same process as that in Example 1. 



COMPARATIVE EXAMPLE 1 

[0592] (1) A solar battery module was fabricated by superposing a 50 urn thick polyvinyl fluoride film (PVF film) as 
a base sheet and a 38 u.m thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous 
silicon solar cells with the surface of the 38 *im thick polyethylene terephthalate film provided with the array of amor- 
phous silicon solar cells facing the front surface protective sheet, and laminating those component layers by using 
adhesive layers of an acrylic resin. 



COMPARATIVE EXAMPLE 2 

[0593] A solar battery module was fabricated by superposing a 50 um thick fluorocarbon resin sheet of anethylene- 
polytetrafluoroethylene copolymer film (ETFE film) as a base sheet, as a front surface protective sheet and a 38 p.m 
thick biaxially oriented polyethylene terephthalate film provided with an array of amorphous silicon solar cells with the 
surface of the 38 pm thick polyethylene terephthalate film provided with the array of amorphous silicon solar cells facing 
the front surface protective sheet, and laminating those component layers by using adhesive layers of an acrylic resin. 



EXPERIMENTS 

[0594] The protective sheets in Examples 1 to 5 of the present invention and those in Comparative examples 1 and 
2 were subjected to total transmittance measurement. The solar battery modules in Examples 1 to 5 and Comparative 
examples 1 and 2 were subjected to solar battery module evaluation tests. 



(1) Total Transmittance Measurement 

[0595] Total transmittance (%) of each of the protective sheets in Examples 1 to 5 and Comparative examples 1 and 
2 against the total transmittance of the base sheet as a reference total transmittance was measured by a color computer. 



(2) Solar Battery Module Evaluation Tests 

[0596] The solar battery modules were subjected to environmental tests in conformity to conditions specified ii 
C8917-1989. Photovoltaic output of the solar battery modules was measured before and after environmental tes 



(3) Moisture Permeability and Oxygen Permeability 

[0597] The moisture permeabilities of the protective sheets in Examples 1 to 5 and Comparative examples 1 and 2 
were measured in an atmosphere of 40° C and 90% RH by a moisture permeability measuring apparatus (PERMAT- 
RAN MOCON, USA). The oxygen permeabilities of the protective sheets in Examples 1 to 5 and Comparative examples 
1 and 2 were measured in an atmosphere of 23°C and 90% RH by an oxygen permeability measuring apparatus 
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(OXTRAN, MOCON, USA). 

[0598] Measured data is tabulated in Table 6-1. 



Table 6-1 





Total transmittance 
(%) 


Moisture 
permeability (g/m 2 / 
24hr) 


Oxygen 
permeability (cc/m 2 / 
24hr/atm) 


Output reduction 5 
ratio (%) 


Example 1 


92 


0.8 


1.4 


4 


Example 2 


93 


0.5 


1.0 


2 


Example 3 


90 


0.8 


1.4 


3 


Example 4 


91 


0.5 


1.0 


2 


Example 5 


92 


0.8 


1.4 


4 


Comparative 
Example 1 


93 


26.3 


27.7 


15 


Comparative 
Example 2 


95 


11.2 


^500 


14 



10 



15 



20 



25 



30 



35 



40 



45 



50 



In table 6-1, moisture permeability is expressed in a unit of g/m 2 /day-40° C-100% RH, and oxygen permeability is 
expressed in a unit of cc/m 2 /day-23° C-90% RH. 

[0599] As obvious from Table 6-1 , the protective sheets in Examples 1 to 5 have high total transmittances, respec- 
tively, and are excellent in moisture impermeability and oxygen impermeability. 

[0600] The output reduction ratios of the solar battery modules employing the protective sheets in Examples 1 to 55 
were low. 

[0601] The protective sheets in Comparative examples 1 and 2 had high total transmittances, respectively. However, 
the moisture impermeabilities and the oxygen impermeabilities of the protective sheets in Comparative examples 1 
and 2 were low. Consequently, the output reduction ratios of the solar battery modules employing the protective sheets 
in Comparative examples 1 and 2 were high. 

[0602] As apparent from the foregoing description, the present invention takes into consideraion the characteristics 
of a glass sheet that is. used as the front surface protective sheet of a solar battery module, photocatalytic powder and 
an ultraviolet absorber, uses a fluorocarbon resin sheet as a base sheet, fabricates a coated fluorocarbon resin sheet 
by forming a transparent, vitreous deposited inorganic oxide thin film, such as a silicon oxide thin film or an aluminum 
oxide thin film, on one of the surfaces of the fluorocarbon resin sheet, and fabricates a protective sheet for a solar 
battery module by forming a soil-resistant layer of a composite material containing a photocatalytic powder and/or an 
ultraviolet absorbing layer of a composite material containing an ultraviolet absorber on one of or both the surfaces of 
the fluorocarbon resin sheet, and forms a solar battery module by using the protective sheet as a front surface protective 
sheet by superposing the protective sheet as a front surface protective sheet, a filler layer, a film provided with solar 
cells, i.e., photovoltaic cells, a filler layer and a back surface protective sheet in that order in a superposed structurewith 
the deposited inorganic oxide thin film facing inside, bringing the component layers of the superposed structure into 
close contact by vacuum and bonding together those component layers by a lamination process using hot pressing. 
The protective sheet has greatly improved moisture resistance to prevent the permeation of moisture and oxygen 
through the protective sheet, is excellent in light resistance, heat resistance and water resistance, limits performance 
degradation due to aging to the least extent, is excellent in protective ability, prevents soiling of its surface by accu- 
mulated dust, can be fabricated at a low cost and can be used for the fabrication of a low-cost, safe solar battery module. 
[0603] The materials mentioned in the description of the first, the second, the third, the fourth and the fifth embodiment 
are applicable to the sixth embodiment. 

SEVENTH EMBODIMENT 



[0604] A protective sheet (cover film) in a seventh embodiment according to the present invention is used as the 
front or the back surface protective sheet of a solar battery module and comprises at least a base film (weather-resistant 
sheet), an ultraviolet intercepting layer, an infrared intercepting layer or a highly reflective layer formed on the base film. 
[0605] The protective sheet in the seventh embodiment of the foregoing construction has the following effects. 

(1) The protective sheet is a laminated film comprising at least a base film and one or some of an ultraviolet 
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intercepting layer, an infrared intercepting layer and a highly reflective layer. The protective sheet is capable of 
intercepting some types of light radiation with wavelengths that do not contribute to power generation, such as 
ultraviolet radiation and infrared radiation to prevent the degradation of solar cells attributable to the effect of those 
types of light radiation. The use of a laminated film formed by laminating a base film and a highly reflective layer 
as a back surface protective sheet disposed on the back side of solar cells improves power generating efficiency. 

(2) The protective sheet (cover film) for a solar battery module can be produced at a high productivity by forming 
an ultraviolet intercepting layer, an infrared intercepting layer and a highly reflective layer on a long, wide base 
film by a continuous coating means or evaporation means. 

(3) A glass sheet serving as the front surface protective sheet of a solar battery module can be replaced with the 
protective sheet (cover film) of the present invention. The protective sheet of the present invention is easy to 
handle, improves the productivity of a production line for producing solar battery modules, enables the formation 
of a solar battery module in lightweight construction at a reduced cost. 

[0606] The ultraviolet intercepting layer is a coating resin film containing dispersed metal oxide particles of a mean 
particle size in the range of 1 to 1000 nm. 

[0607] Since the coating resin film containing disperse metal oxide particles is capable of satisfactorily intercepting 
ultraviolet radiation, the protective sheet (cover film) has a satisfactory ultraviolet intercepting ability. 
[0608] Accordingly, the ultraviolet degradation of the solar battery can be prevented by covering the solar cells with 
the protective sheet. 

[0609] The metal oxide particles are those of Ti0 2 , ZnO, a-Fe 2 0 3 or Ce0 2 . 

[061 0] Since the coating resin film containing the dispersed metal oxide particles is excellent in ultraviolet intercepting 
ability and stability, the protective sheet has an excellent ultraviolet intercepting ability. 

[061 1] The ultraviolet degradation of a solar battery can be suppressed for a long period of use by covering the solar 
cells of the solar battery with the protective sheet. 

[0612] The infrared intercepting layer is a deposited metal film or a coating resin film containing dispersed metal 
oxide particles. 

[0613] Since the deposited metal film or the coating resin film containing the disperse metal oxide particles has a 
satisfactory infrared intercepting ability, the protective sheet for a solar battery module has a satisfactory infrared in- 
tercepting ability. • » u 
[0614] Accordingly, the infrared degradation (heat degradation) of a solar battery can be prevented by covering the 
solar cells of the solar battery with the protective sheet (cover film). 
[0615] The deposited metal film is a deposited film of Al or Ag. 

[0616] Since the deposited film of Al or Ag is excellent in infrared intercepting ability and long-term stability, the 
protective sheet has an excellent infrared intercepting ability. 

[061 7] Accordingly, the infrared degradation of a solar battery can be prevented for a long period of use by covering 
the solar cells of the solar battery with the protective sheet (cover film). 

[061 8] The deposited metal film intercepts visible radiation if the same is excessively thick. Therefore, it is preferable 

to incorporate the deposited metal film into a protective sheet for use as a back surface protective sheet. 

[0619] The metal oxide particles are those of Sn0 2 capable of efficiently absorbing infrared radiation. 

[0620] Since the coating resin film containing dispersed Sn0 2 particles is capable of efficiently intercepting infrared 

radiation and excellent in long-term stability, the protective sheet including the coating resin film containing dispersed 

Sn0 2 particles has an excellent infrared intercepting ability. 

[0621] Accordingly, the infrared degradation of a solar battery can be prevented for a long period of use by covering 
the solar cells of the solar battery with the protective sheet (cover film). 

[0622] The highly reflective layer is a deposited Ag or Al film or a resin film containing a dispersed white pigment. 
[0623] The resin film containing the dispersed white pigment may be a white film formed by spreading a mixture of 
a weather-resistant resin, such as a fiuorocarbon resin or a highly weather-resistant polyethylene terephthalate resin, 
and a white pigment or a weather-resistant film formed by coating a weather-resistant film, such as a fiuorocarbon 
resin film or a highly weather-resistant biaxiaily oriented polyethylene terephthalate film (hereinafter referred to as "PET 
film"), with a white resin film formed by applying a liquid resin containing a dispersed white pigment in a filmto the 
weather-resistant film and drying the film. 

[0624] Since the deposited Ag or Al film or the resin film containing the dispersed white pigment is highly reflective, 
the protective sheet has a high light reflecting ability. 

[0625] Accordingly, a solar battery module provided with the protective sheet bonded to the back surface of a pho- 
tovoltaic layer provided with solar cells reflects part of incident light fallen on the front surface of the solar battery 
module and penetrated the solar cells toward the solar cells, which improves the power generating efficiency of the 
solar battery module. 

[0626] A protective sheet fabricating method in accordance with the present invention fabricates a protective sheet 
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for a solar battery module. The protective sheet comprises a laminated film at least comprising a weather-resistant 
sheet (base film) and an ultraviolet intercepting layer formed on the base film. The ultraviolet intercepting layer is formed 
by applying a liquid resin containing dispersed Ti0 2 or Ce0 2 particles having a mean particle size in the range of 1 to 
1000 nm in a film to the base film and drying the film. 
5 [0627] The protective sheet (cover film) for a solar battery module provided with an ultraviolet intercepting layer can 
be produced at a high productivity and low cost by forming an ultraviolet intercepting layer on a long, wide base film 
moving at a high moving speed on a continuous coating means. 

[0628] A protective sheet fabricating method in accordance with the present invention may form a coating primer 
layer on a surface of the base film on which the liquid resin containing dispersed Ti0 2 or Ce0 2 particles is to be applied. 
10 [0629] Thus, the base film of the protective sheet and the coating resin film containing dispersed Ti0 2 or Ce0 2 
particles can firmly bonded together. 

[0630] Even if a solar battery module provided with the protective sheet in accordance with the present invention is 
used under severe outdoor conditions, the ultraviolet intercepting layer will not come off the base film and solar battery 
module has improved stability. 

is [0631] A protective sheet fabricating method in accordance with the present invention fabricates a protective sheet 
for a solar battery module. The protective sheet comprises a laminated film at least comprising a weather-resistant 
sheet (base film) and an infrared intercepting layer formed on the base film. The infrared intercepting layer is a deposited 
metal film deposited on the base film or a coating resin film formed by applying a liquid resin containing dispersed 
metal oxide particles in a film to the base film and drying the film. 

20 [0632] The protective sheet (cover film) for a solar battery module provided with an infrared intercepting layer can 
be produced at a high productivity and low cost by forming an infrared intercepting layer on a long, wide base film 
moving at a high moving speed on a continuous deposition or coating means. 

[0633] A solar battery module in accordance with the present invention is provided with the protective sheet bonded 

to the front surface of a layer provided with solar cells by a heat-adhesive filler layer. 
25 [0634] The heat-adhesive filer layer may be formed of a heat-adhesive resin containing as a principal component, 

for example, an ethylene-vinyl acetate copolymer, a polyolefin resin, a polyvinyl butyral resin or a silicone resin. 

[0635] The solar cells can be embedded in the heat-adhesive filler layer in a stable state, and can be sandwiched 

between the protective sheet excellent in ultraviolet intercepting ability, infrared intercepting ability and light reflecting 

ability. Consequently, ultraviolet and infrared radiation which does not contribute to power generation can be intercept- 
30 ed, the highly reflective layer disposed behind the solar cells improves power generating efficiency, and the solar battery 

module is excellent in durability and generates power at a high power generating efficiency. 

[0636] Protective sheets (cover films) in the seventh embodiment for a solar battery module and solar battery modules 
employing the protective sheets will be described with reference to the accompanying drawings. 
[0637] The present invention is not limited in its practical application to those shown in the drawings. 
35 [0638] Figs. 30 to 33 are typical sectional views of examples of protective sheets in the seventh embodiment for 
solar battery modules. 

[0639] Referring to Fig. 30, a protective sheet 410 in a first example of the seventh embodiment of the present 
invention for a solar battery module comprises at least a base film 401 (weather-resistant sheet) 401 and an ultraviolet 
intercepting layer 402 formed on one of the surfaces of the base film 401. 

40 [0640] Preferably, the base film 401 is a durable film excellent in weather resistance, strength and ressitances to 
detrimental effects, such as a polyvinyl fluoride film (hereinafter referred to as "PVF film"), a fluorocarbon resin film, 
succh as an ethylene-tetrafluoroethylene copolymer film (hereinafter referred to as "ETFE film"), a highly weather- 
resistant biaxially oriented polyethylene terephthalate film (hereinafter referred to as "weather-resistant PET film"), a 
polycarbonate film or a polyacrylate film. 

45 [0641] The ultraviolet intercepting layer 402 may be a coating resin film containing dispersed metal oxide particles 
having a mean particle size in the range of 1 to 1000 nm. Preferable metal oxide particles are particles of 7i0 2 , ZnO, 
a-Fe 2 0 3 or Ce0 2 . Ti0 2 or Ce0 2 particles are particularly preferable. 

[0642] Particles of one of those metal oxides or a mixture of some of those metal oxides may be used. 
[0643] An acrylic resin or a silicone resin may be used as a binder for holding the particles together. An additive, 
50 such as a crosslinking agent or a silane coupling agent may be added to the resin to enhance the weather resistance 
of the resin. 

[0644] A primer layer 402a of a polyisocyanate primer or a polyacryamine primer may be formed on a surface of the 
base film 401 on which the ultraviolet intercepting layer 402 is to be formed to enhance adhesion between the base 
film 401 and the ultraviolet intercepting layer 402 before forming the ultraviolet intercepting layer 402 on the base film 
55 by a coating process. 

[0645] The protective film 401 intercepts ultraviolet radiation and transmits visible radiation. In most cases, the pro- 
tective sheet is used as a front surface protective sheet to be disposed on the light receiving side of a solar battery 
module. 



81 



EP 1 054 456 A2 

[06461 Referring to Fig. 31. a protective sheet 420 in a second example of the seventh embodiment of the present 
invention for a solar battery module comprises at least a base film 401 and an infrared intercepting layer 403 formed 
on a surface of the base film 401 . 

[0647] When necessary, a primer layer 403a may be sandwiched between the base film 401 and the infrared inter- 
5 ceptinglayer 403 to enhance adhesion between the base film 401 and the infrared intercepting layer 403. 

[0648] The base film 401 may be formed of the same material as the base film 401 of the example shown in Fig. 30. 
The infrared intercepting layer 403 may be a coating resin layer containing dispsersed metal oxide particles, such as 
Sn0 2 particles. 

[0649] The same resin as that used for forming the ultraviolet intercepting layer may be used as a binder for holding 
10 the metal oxide particles. 

[0650] It is preferable that the infrared intercepting layer 403 contains metal oxide particles, such as SnO> particles 
when the protective sheet 420 is used as the front surface protective sheet of a solar battery module. It is preferable 
that the infrared intercepting layer 403 is a deposited Al or Ag film when the protective sheet 420 is used as the back 
surface protective sheet of a solar battery module. 
is [0651] Referring to Fig. 32, a protective sheet 430 in a third example of the seventh embodiment of the present 
invention for a solar battery module comprises at least a base film 401 , an ultraviolet intercepting layer 402 formed on 
the base film 401 , and an infrared intercepting layer 403 formed on the ultraviolet intercepting layer 402. 
[0652] When necessary, a primer layer 402a may be sandwiched between the base film 401 and the ultraviolet 
intercepting layer 402, and a primer layer 403a may be sandwiched between the ultraviolet intercepting layer 402 and 
20 the infrared intercepting layer 403 to enhance adhesion between the contiguous layers. When the infrared intercepting 
layer 403 is a deposited metal film, a primer for deposited metal film may be used. 

[0653] Materials forming the base film 401, the ultraviolet intercepting layer 402 and the infrared intercepting layer 

403 may be those of the examples shown in Figs. 30 and 31 and hence the further description thereof will be omitted. 
[0654] When the infrared intercepting layer 403 is a coating resin layer containing dispersed metal oxide particles, 

25 such as Sn0 2 particles, the protective sheet 430 intercepts ultraviolet radiation and infrared radiation and transmits 
visible radiation. Therefore, the protective sheet 430 is suitable for use as a front surface protective sheet. The protective 
sheet 430 intercepts visible radiation as well as ultraviolet radiation and infrared radiation when the infrared intercepting 
layer 403 is a deposited metal film. Therefore, the protective sheet is suitable for use as a back surface protective sheet. 
[0655] Referring to Fig. 33, a protective sheet 440 in a fourth example of the seventh embodiment of the present 

30 invention for a solar battery module comprises at least a base film 401 ' and a highly reflective layer 404 formed on the 
base film 401'. 

[0656] When necessary, a primer layer may be sandwiched between the base film 401 ' and the highly reflective layer 

404 to enhance adhesion between the base film 401* and the highly reflective layer 404. 

[0657] The base film 401' may be the same as the base films 401 of the protective sheet shown in Figs. 30 to 32. A 
35 highly reflective deposited Ag or Al film or a resin film containing dispersed white pigment is particularly suitable for 
use as the highly reflective layer 404. 

[0658] The protective sheet 440 thus constructed is used as the back surface protective sheet of a solar battery 
module. Part of incident light fallen on the front surface of the solar battery module and penetrated the solar cells is 
reflected toward the solar cells, which improves the power generating efficiency of the solar battery module. 

40 [0659] When necessary, each of the protective sheets shown in Figs. 30 to 34 for solar battery modules may addi- 
tionally be provided with, for example, a deposited inorganic oxide film, such as an aluminum oxide film or a silicon 
oxide film (SiOx film), or each of the layers formed on the base films may be coated with a protective layer. 
[0660] Generally, a filler layer is interposed between the front surface of a photovoltaic layer provided with solar cells 
and the protective sheet when bonding the protective sheet to the photovoltaic layer. If adhesion between the protective 

45 sheet and the filler layer is not high enough, an adhesive layer may be formed on a surface of the protective sheet to 
be bonded to the photovoltaic layer. 

[0661] Referring to Fig. 34 showing a solar battery module in a typical sectional view, protective sheets in accordance 
with the present invention are bonded to the front and the back surface of a photovoltaic layer provided with solar cells. 
[0662] A solar battery module 400 shown in Fig. 34 is formed by superposing, from the front side toward the back 
50 side, a base film 401 , an ultraviolet intercepting layer 402, an infrared intercepting layer 403, a filler layer 405, a pho- 
tovoltaic layer 406 provided with solar cells, a filler layer 405', a highly reflective layer 404 and a base film 401", and 
laminating those component layers. 

[0663] The photovoltaic layer 406 is sandwiched between the filler layers 405 and 405*. a protective sheet comprising 
the base film 401, the ultraviolet intercepting layer 402 and the infrared intercepting layer 403 is bonded to the front 
55 surface of the photovoltaic layer 406, and a protective sheet comprising the base film 401' and the highly reflective 
sheet 404 is bonded to the back surface of the photovoltaic layer 406. 

[0664] Therefore, ultraviolet radiation and infrared radiation that do not contribute to power generation and promotess 
the degradation of solar cells are intercepted by the protective sheet and, consequently, the degradation of the solar 
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cells is prevented and the durability of the solar battery module is improved. 

[0665] Visible radiation that contributes to power generation travels through the front protective sheet and falls on 
the solar cells to cause the solar cells to generate power. Part of visible radiation penetrated the photovoltaic layer 406 
is reflected by the highly relfective layer 404 so as to fall again on the solar cells, so that visible radiation is used 
5 effectively for power generation and the efficiency of photoelectric conversion is improved. 

Examples 

[0666] Examples of the seventh embodiment will be described hereinafter. 

10 

EXAMPLE 1 

[0667] A front surface protective sheet for a solar battery module comprises a 70 u.m thick highly weather-resistant 
PET film, and an infrared intercepting layer of an acrylic resin containing dispersed SnOj particles formed on one 

is surface of the PET film. A back surface protective sheet is a laminated film formed by superposing a 38 \im thick PVF 
film, a 50 |im thick aluminum foil and a 38 u,m thick PVF film in that order and laminating those component layers by 
a dry lamination process. A solar battery module in Example 1 was fabricated by bonding the front surface protective 
sheet and the back surface protective sheet to the front and the back surface, respectively, of a photovoltaic layer 
provided with an array of crystal silicon solar cells with 500 u.m thick ethylene-vinyl acetate copolymer films, i.e., heat- 

20 adhesive filler layers, by a vacuum lamination process. 

EXAMPLE 2 

[0668] A solar battery module in Example 2 was fabricated by using the same components as those of the solar 
25 battery module in Example 1 by the same processes as in Example 1 , except that a front surface protective sheet 
comprising a 70 urn thick highly weather-resistant PET film, an ultraviolet intercepting layer of an acrylic resin containing 
dispersed Ti0 2 particles having a mean particle size of 10 nm formed on the PET film, and an infrared intercepting 
layer of an acrylic resin containing dispersed Sn0 2 particles was used instead of the front surface protective sheet of 
Example 1. 

30 

EXAMPLE 3 

[0669] A solar battery module in Example 3 was fabricated by using the same components as those of the solar 
battery module in Example 1 by the same processes as in Example 1 , except that a front surface protective sheet 
35 comprising a 70 u,m thick highly weather-resistant PET film and an ultraviolet intercepting layer of an acrylic resin 
containing dispersed Ti0 2 particles having a mean particle size of 10 nm formed on the PET film was used instead of 
the front surface protective sheet of Example 1 . 

EXAMPLE 4 

40 

[0670] A solar battery module in Example 4 was fabricated by using the same components as those of the solar 
battery module in Example 1 by the same processes as in Example 1, except that a front surface protective sheet 
similar to that in Example 2 and comprising a 70 u,m thick highly weather-resistant PET film, an ultraviolet intercepting 
layer of an acrylic resin containing dispersed Ti0 2 particles having a mean particle size of 10 nm formed on the PET 
45 film, and an infrared intercepting layer of an acrylic resin containing dispersed SnC^ particles formed on the ultraviolet 
intercepting layer was used instead of the front surface protective sheet of Example 1, and a back surface protective 
sheet comprising a 70 |im thick highly weather-resistant PET film, and a back surface protective sheet comprising a 
70 nm thick highly weather-resistant PET film and an 800 A thick deposited Al film formed as a highly reflective layer 
on the PET film was used instead of the back surface protective sheet of Example 1. 

50 

COMPARATIVE EXAMPLE 1 

[0671] A solar battery module in Comparative example 1 was fabricated by using the same components as those of 
the solar battery module in Example 1 by the same processes as in Example 1, except that a 70 [im thick highly 
55 weather-resistant PET film not provided with any infrared intercepting layer was used as a front surface protective sheet. 
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Evaluation of Solar Battery Modules in Examples 1 to 4 and Comparative Example 1 

[0672] The solar battery modules in Examples 1 to 4 and Comparative example 1 were subjected to tests to evaluate 
their performance and long-term reliability, in which photoelectric conversion efficiency r\ (%) and fill factor (FF) were 
measured in an initial state and in a state after irradiation with 1 sun, for 2000 hr. Measured data is tabulated in Table 7-1 . 

Table 7-1 



Example 1 
Example 2 
Example 3 
Example 4 

Comparative Example 4 



Characteristic of solar battery 



Initial state 



Conversion efficiency t\ (%) 



10.5 
10.4 
10.5 
11.5 

10.4 



FF 



0.65 
0.63 
0.66 
0.70 

0.62 



State after exposure to 1 sun, 2000hr 



Conversion efficiency n. (%) 



10.2 
10.1 
10.3 
10.8 

9.5 



FF 



0.60 
0.59 
0.60 
0.65 

0.58 



[0673] As obvious from the measured data shown in Tables 7-1, the solar battery modules in Examples 1 to 4 have 
conversion efficiencies not smaller than 10% in an initial state and in a state after exposure to sunlight for 2000 hr, and 
the initial conversion efficiencies of the solar battery modules in Examples 1 to 4 were not reduced significantly by 
sunlight irradiation. The conversion efficiency of the solar battery module in Comparative example 1 was reduced to 
9 5% by sunlight irradiation, and the conversion efficiency reduction ratio was large. 

[0674] As is apparent from the foregoing description, the solar battery modules of the present invention are excellent 
in performance and long-term reliability. The protective sheet of the present invention and the solar battery module 
provided with the same protective sheet can be fabricated easily at a high productivity and are economically advanta- 

[0675] The materials mentioned in the description of the first to the sixth embodiment are applicable to the seventh 
embodiment. 



EIGHTH EMBODIMENT 



Basic Construction 

[0676] A protective sheet (film) in an eighth embodiment according to the present invention is intended for use as a 
front surface protective sheet of a solar battery module for covering the front surface of a photovoltaic layer provided 
with solar cells. The protective sheet is a single weather-resistant sheet (base film) or is a laminated sheet comprising 
a plurality of layers including a base film and at feast one light confining layer. 

[0677] The protective sheet (protective film) for a solar battery module can effectively be used as a substrate for the 
photovoltaic layer. The materfal and thickness of the base film are determined properly according to theuse of the 
protective sheet. A film meeting requirements for strength, heat resistance, weather resistance, transparency and the 
like is used as the base film. 

[0678] The protective sheet in accordance with the present invention for a solar battery module has a function to 
confine light and hence light fallen on the solar cells can repeatedly be used, which enhances power generating effi- 
ciency 

[0679] A protective sheet (film) in accordance with the present invention is intended for use as a front surface pro- 
tective sheet of a solar battery module for covering the front surface of a photovoltaic layer provided with solar cells^ 
The protective sheet is a single weather-resistant sheet (base film) or is a laminated sheet comprising a plurality of 
layers including a base film, at least one light confining layer, and an adhesive layer for bonding the protective sheet 
to a photovoltaic layer provided with solar cells. . 
[0680] A protective sheet of such laminated construction having a base film, a light confining layer and the adhesive 
layer for bonding the protective sheet to a surface of a photovoltaic layer is suitable particularly for use as a protective 
sheet for a solar battery module. 

[0681] When the protective sheet for a solar battery module is thus constructed, it is not necessary to sandwich an 
adhesive film provided with a soft, sticky adhesive layer and difficult to handle between the protective sheet and the 
photovoltaic layer provided with solar cells. The adhesive layer need not be formed in a great thickness to facilitate 
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handling the protective sheet and may be formed in the least necessary thickness. The protective sheet simplifies 
laminating process and improves productivity. 

[0682] When the light confining layer is formed on the adhesive layer, i.e., when the light confining layer is the in- 
nermost layer of the protective sheet to be brought into contact with the photovoltaic layer, a peripheral portion of the 
5 light confining layer is removed so that a peripheral portion of the adhesive layer is exposed, and the protective sheet 
can be bonded to the photovoltaic layer with the exposed peripheral portion of the adhesive layer. 
[0683] According to the present invention, the light confining layer has an irregular surface comprising regularly 
arranged projections. The height of the projections or depth of recesses between the projections is in the range of 0.1 
nm to 500 Jim. 

io [0684] Preferably, the irregular surface of the light confining layer is formed by arranging ridges or furrows of a tri- 
angular, trapezoidal or semicircular cross section having inclined surfaces, projections or recesses having the shape 
of a pyramid, a frustum, a hemisphere, a round projection or the like. An irregular surface formed by arranging pyramidal 
projections or recesses having intersecting surfaces forming an angle (apex angle) of 90* is particularly preferable. 
[0685] Preferably, the height or depth of the irregularities is in the range of 0.1 nm to 500 u.m. When the height or 

15 depth of the irregularities is less than 0.1 nm or greater than 500 ^m, the effect of the light confining layer to confine 
light thereto by refracting and reflecting light is not high enough. 

[0686] The appropriate range of the height or depth of the irregularities is dependent on the type of the solar battery 
module. For example, a suitable range of the height or depth of the irregularities is 0.1 nm to 500 nm when thin-film 
solar cells, such as amorphous silicon solar cells, are employed, and is 1 to 500 jim when thick solarcells, such as 

20 single-crystal silicon solar cells, are employed. 

[0687] A light confining layer meeting such conditions has a further effective light confining function. 
[0688] According to the present invention, a light confining layer may have an irregular surface having large irregu- 
larities of a height or depth in the range of 1 to 500 u,m, and small irregularities of a height or depth in the range of 0.1 
to 500 nm formed on the large irregularities. 

25 [0689] This light confining layer is capable of further effectively confining light fallen on the solar cells by effectively 
refracting and reflecting the incident light. 

[0690] At least the base film of the protective sheet for a solar battery module is a weather-resistant film. 
[0691] Thus, the protective sheet has an improved weather resistance. When the protective sheet is bonded to the 
front surface of the photovoltaic layer provided with the solar cells, the power generating performance of the solar cells 
30 is improved, the solar cells can safely be protected for a long period of use, and the solar battery module has excellent 
long-term reliability. 

[0692] The component layers of the protective sheet for a solar battery module may include a gas-barrier layer. 
[0693] The protective sheet of the present invention is used, in most cases, as a front surface protective sheet for 
covering the light receifmg surface of a photovoltaic layer provided with solar cells. Therefore, it is preferable that the 
35 gas-barrier layer has a high transmittance particularly to visible radiation. Preferable layers for use as the gas-barrier 
layer are deposited layers of, for example, silicon oxide (SiO x ), silicon nitride (SiN x ), aluminum oxide (Al x O y ) and the 
like, or inorganic-organic hybrid layers. 

[0694] The gas-barrier layer improves the gas impermeability, i.e., impermeability to moisture, oxygen and the like, 
of the protective sheet. 

40 [0695] Those gas-barrier layers may be used individually or in combination in a composite layer. 

[0696] The gas-barrier layer improves the impermeability to moisture, oxygen and the like of the protective sheet, 
and the protective sheet is suitable for use in combination with polycrystalline or microcrystalline silicon thin-film solar 
cells subject to degradation by moisture or oxygen or tandem solar cells comprising, in combination, polycrystalline or 
microcrystalline silicon thin-film solar cells, and amorphous silicon, amorphous silicon-germanium or copper-selenium 

45 solar cells. 

[0697] According to the present invention, the protective sheet for a solar battery module is placed on at least one 
of the surfaces of a photovoltaic layer provided with solar cells. 

[0698] Since the protective sheet in accordance with the present invention is excellent, as mentioned above, in 
strength, heat resistance, weather resistance, transparency and gas impermeability and has a light confining function, 
50 the incident light can effectively used for power generation, and the solar battery module employing the protective 
sheet of the present invention is excellent in long-term reliability and is capable of efficiently generating power. 
[0699] The use of the protective sheet provided with the adhesive layer simplifies the solar battery module fabricating 
process, and enables the fabrication of a solar battery module excellent in long-term reliability, performance and pro- 
ductivity. 

55 [0700] Materials for fabricating protective sheet (protective film) in accordance with the present invention for solar 
battery modules and protective sheet fabricating methods will be described hereinafter. 

[0701 ] Preferably, a weather-resistant sheet (base film) for a protective sheet in accordance with the present invention 
for a solar battery module is excellent in strength, heat resistance and transparency (transmittance to visible radiation) 



85 



EP 1 054 456 A2 



as well as in weather resistance. Possible films as the base film are, for example, fluorocarbon resins films, such as 
polyvinyl fluoride films (PVF films) and ethylene-tetrafluoroethylene copolymer films (ETFE films), polycarbonate films, 
polyethersulfone films, polysulfone films, polyacrylonitrile films, acrylic resin films, cellulose acetate films, glass-fiber- 
reinforced polycarbonate films, weather-resistant polyethylene terephthalate films and weather-resistant polypropylene 
films. 

10702] Those films may be used either individually or in combination in composite films. 

[0703] Preferably, the gas-barrier layer formed of a gas-barier material is transparent, heat-resistant and weather- 
resistant as well as excellent in impermeability. From this point of view, suitable gas-barrier layers are depos.ted films 
of one of silicon oxide (SiO x ), silicon nitride (SiN x ), tin oxide (SnO x ) and aluminum oxide (Al x O y ), depos.ted films each 
of a mixture of some of those metal oxides, or composite films each of some of those metal oxides. 
[0704] The deposited silicon oxide f.lms(SiO x films), silicon nitride films (SiN x films), tin ox.de films (SnO x films and 
aluminum oxide films (Al x O y films can easily be formed by a CVD process, a PE-CVD (plasma-enhanced CVD) process, 
a PVD process and a sputtering process, respectively, on a base film. The PE-CVD process is particularly preferable 
because the same is capable of depositing a dense, transparent deposoted film at a low temperature. 
[0705] A suitable thickness of the deposited film is in the range of 50 to 5000 A, preferably, in the range of 300 to 
1 500 A 

[0706] ' The inorgaic-organic hybrid coating layer may be formed of, for example, tetraethoxysilane and an ethylene- 
vinyl alcohol copolymer. Coating liquids of those materials are prepared, and the coating liquids are appl.ed to the base 
film in films by a gravure roll coating process or the like and hot-drying the films. 

[0707] Preferably, the inorgaic-orgaic hybrid coating layer is formed in a coating rate (dry state) in the range of 0.5 
to 8 g/m 2 , more preferably, in the range of 1 to 5 g/m 2 . „ 
[0708] The inorganic-organic hybrid coating layer is excellent in gas impermeability and may be used individually. 
The inorganic-organic hybrid coating layer may be formed on a deposited inorganic oxide film to enhance the gas 
impermeability of the deposited inorganic oxide film. . 
[0709] An adhesive layer to be formed beforehand on a protective sheet to bond the protective sheet to a photovoltaic 
layer provided with solar cells may be formed of any one of ethylene copolymers including ethylene-vinyl acetate 
copolymers, ethylene-acrylate copolymers and ethylene-a-olefin copolymers, linear low-density polyethylene resins 
(L LDPE) ionomers, polyvinyl butyral resins, silicone resins, and elastomers including polystyrene resins, polyolefine 
resins polydiene resins, polyester resins, polyurethane resins, fluorocarbon resins and polyam.de resins. 
[0710] The ethylene copolymers may be modified ethylene copolymers produced through the modificat.on of ethylene 
copolymers by graft copolymerization. 

[0711] There is not particular restrictions on the thickness of the adhesive layer. The adhesive layer may be formed 
in a suitable thickness according to the type and shape of the photovoltaic layer provided with solar cells to wh.ch the 
protective sheet is to be bonded. 

[07121 The material for forming the adhesive layer may be prepared in, for example, a solution or a dispersion ac- 
cording to the material and the thickness of the adhesive layer to be formed, and the adhesive layer may be formed 
on a surface of the base film by a suitable means, such as a coating process, an extrusion coating process, a calender 
coating process, a hot lamination process or a dry lamination process. 

[0713] The light confinng layer may be formed, for example, in a shape as shown in Fig. 37(a) or 37(b). 
[07141 Figs 37(a) and 37(b) are typical sectional views of light confining layers for protective sheets in accordance 
with the present invention for solar battery modules. As shown in Fig. 37(a), a light confining layer 502 comprises a 
transparent irregular structure 504 formed on one surface (lower surface as viewed in Fig. 37(a)) of a base film 501, 
and a support film 506 provided with an adhesive layer 505, superposed on the irregular structure 504 with adhesive 
layer 505 facing the irregular structure 504 and bonded to the irregular structure 504 at bonding spots 510 arranged 
at predetermined intervals. 

[071 5] Light scattered outward as indicated by the arrows is reflected and refracted so as to fall again on solar cells. 
[0716] The base film may be provided with a single light confining layer similar to the light confining layer 502 as 
shown in Fig 37(a) two light confining layers may be formed on the opposite surface, respectively, of the base film or 
two light confining layers may be formed on one of surfaces of the base film for satisfactory light confining effect. 
[0717] Fig 37(b) shows a light confining layer 502 similar to that shown in Fig. 37(a), except that the light confining 
layer 502 shown in Fig. 37(b) has a transparent, composite irregular structure 504 consisting of a large .rregular struc- 
ture 504a and a small irregular structure 504b formed on the surface of the large irregular structure 504a instead of 
the irregular structure 504 shown in Fig. 37(a). 

[0718] As mentioned above, it is preferabvle that each of the irregular structures 504, 504a and 504b is formed by 
arranging ridges or furrows of a triangular, trapezoidal or semicircular cross section, projections or recesses having 
the shape of a pyramid, a frustum, a hemisphere, a round projection or the like. An irregular structure formed by 
arranging pyramidal projections or recesses having intersecting surfaces forming an angle (apex angle) of 90* is par- 
ticularly preferable. 
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[0719] Preferably, the height or depth of the irregularities is in the range of 0.1 nm to 500 urn. 
[0720] When the irregularities of the irregular structure has a relatively great height or depth in the range of 0.1 um 
to 500 um, the irregular structure can be formed, for example, by heating and softening a thermoplastic resin layer 
formed on the base film, pressing an embossing die against the softened thermoplastic resin layer and cooling the 
5 embossed thermopoastic resin layer Such an irregular structure can be formed also by applying an ionizing radiation 
curable resin, such as an ultraviolet curable resin, in a resin film to the base film pressing a separable die or a separable 
embossing sheet against the film of the ionizing radiation curable resin, curing the resin film and separating the sep- 
arable die or the separable embossing sheet from the resin film. 

[0721] When the irregularities of the irregular structure has a relatively small height or depth in the range of 0.1 nm 
io to 0.1 p.m, the irregular structure can be formed, for example, by forming a transparent ZnO ore SnC^ thin film by a 
CVD process with etching action or by forming a specular thin film by a CVD process and forming minute irregularities 
in the specular thin film by sputtering. 

[0722] A transparent SiOx thin film formed by a CVD or a PE-CVD process has an irregular structure having minute 
projections. The transparent SiO x thin film serves also as a gas-barrier layer. 

*5 [0723] The irregular structure of each of the light confining layers 502 shown in Figs. 37(a) and 37(b) has an air layer 
to enhance light reflecting and refracting effect. A transparent material, such as a transparent resin, having a refractive 
index different from that of the material forming the irregular structure or a resin containing dispersed particles of a 
transparent material, such as Ti0 2 or SiO x , having a refractive index different from that of the material forming the 
irregular structure may be filled in furrows or recesses in the irregular structure to enhance the light reflecting and 

20 refracting effect of the light confining layer. 

[0724] When the irregular structure is formed of a resin, a material having a large refractive index in the range of 1 .8 
to 2.2 or a material having a small refractive index in the range of 1.1 to 1.3 is suitable as the transparent material 
having a refractive index different from that of the material forming the irregular structure. 

[0725] When the irregular structure is formed of a resin, a transparent thin film having a refractive index different 
25 from that of the material forming the irregular structure, such as a film of SiO x , ZnS, Ti0 2 or Sb 2 0 3 , may be formed on 
the surfaces defining the irregularities of the irregular structure by a deposition means. The transparent thin film im- 
proves the reflection efficiency of the surface of the irregularities to ensure satisfactory light confining effect. 

Examples 

30 

[0726] Examples of the eighth embodiment will be explained with reference to the accompanying drawings. The 
present invention is not limited in its practical application to examples shown in the drawings. 

[0727] A protective sheet (film) in accordance with the present invention for a solar battery module is intended to be 
used as a front protective sheet to be bonded to the front surface of a photovoltaic layer 507 provided with solar cells. 
35 The protective sheet is a single weather-resistant sheet (base film) provided with a light confining layer or a laminated 
sheet comprising a plurality of layers including a base film and a light confining layer. Figs. 35(a) to 35(e) show protective 
sheets in accordance with the present invention by way of example. 

[0728] Figs. 35(a) to 35(e) are typical sectional views of protective sheets (protective films) in accordance with the 
present invention for solar battery modules. The protective sheet shown in Fig. 35(a) comprises a base film (weather- 
40 resistant sheet) 501 and a light confining layer 502a formed on the outer surface of the base film 501, i.e. a surface 
on the light receiving side of the base film 501 . The protective sheet shown in Fig. 35(b) comprises a base film (weather- 
resistant sheet) 501 and a light confining layer 502a formed on the inner surface of the base film 501, i.e., a surface 
to be laminated to a photovoltaic layer 507 provided with solar cells. 

[0729] The protective sheet shown in Fig. 35(c) comprises a base film (weather-resistant sheet) 501 , a light confining 
45 layer 502a formed on the outer surface of the base film 501 , and a light confining layer 502b formed on the inner surface 
of the base film 501. 

[0730] The protective sheets shown in Fig. 35(d) comprises a base film 501, a light confining layer 502b formed on 
the outer surface of the base film 501 , and a light confining layer 502a formed on the outer surface of the light confining 
layer 502b. The protective sheets shown in Fig. 35(e) comprises a base film 501, a light confining layer 502a formed 
so on the inner surface of the base film 501 , and a light confining layer 502b formed on the surface of the light confining 
layer 502a. 

[0731] When necessary, a gas-barrier layer may be formed on any one of the component layers of the protective 
sheet, preferably, an inner layer. When a layer other than the base film, such as the light confining layer, is the outermost 
layer, a protective layer may be formed on the surface of the outermost layer by a film lamination process or resin 
55 coating process. 

[0732] As mentioned above, the protective sheet thus formed is excellent in strength, heat resistance, weather re- 
sistance, transparency and gas impermeability, and is capable of making incident light fall repeatedly on the solar cells 
and of improving power generating efficiency. 
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[0733] The protective sheet and a photovoltaic layer provided with solar cells can be laminated by sandwiching a 
resin film for forming an adhesive layer between the protective sheet and the front surface of the photovoltaic layer 
and laminating those component layers by a lamination process, in which those component layers are are bonded 
together by hot pressing. 

5 [0734] A protective sheet in accordance with the present invention for a solar battery module is intended to be used 
as a front protective sheet to be bonded to the front surface of a photovoltaic layer 507 provided with solar cells. The 
protective sheet is a laminated film comprising a base film, an adhesive layer for bonding the protective sheet to a 
photovoltaic layer provided with solar cells, and a light confining layer or the protective sheet is a laminated film com- 
prising a plurality of layers including a base film, an adhesive layer for bonding the protective sheet to a photovoltaic 

10 layer provided with solar cells, and a light confining layer. Figs. 36(a) to 36(e) show protective sheets in accordance 
with the present invention by way of example. 

[0735] Figs. 36(a) to 36(e) are typical sectional views of protective sheets (protective films) in accordance with the 
present invention for solar battery modules. The protective sheet (protective film) shown in Fig. 36(a) comprises a base 
film (weather-resistant sheet) 501 , a light confining layer 502a formed on the outer surface of the base film 501 , i.e. a 
15 surface on the light receiving side of the base film 501 , and an adhesive layer 503 for bonding the protective sheet to 
a photovoltaic layer 507 provided with solar cells formed on the inner surface of the base film 501 , i.e., a surface to be 
bonded to the photovoltaic layer 507. 

[0736] The protective sheet shown in Fig. 36(b) comprises a base film (weather-resistant sheet) 501 , a light confining 
layer 502a formed on the inner surface of the base film 501, i.e., a surface to be bonded to a photovoltaic layer 507 

20 provided with solar cells, and an adhesive layer 503 formed on the light confining layer 502a. 

[0737] The protective sheet shown in Fig. 36(c) comprises a base film 501 as an outermost layer, an adhesive layer 
503 formed on the inner surface of the base film 501, and a light confining layer 502a formed on the adhesive layer 
503. The light confining layer 502a must be formed so that the periphery thereof lies inside the periphery of the adhesive 
layer 503 and a peripheral portion of the adhesive layer 503 is exposed to enable the adhesive layer 503 to exercise 

25 its bonding function. 

[0738] The protective sheets shown in Fig. 36(d) comprises a base film 501 , a light confining layer 502a formed on 
the outer surface of the base film 501, a light confining layer 502b formed on the inner surface of the base film 501, 
and an adhesive layer 503 formed on the light confining layer 502b. 

[0739] The protective sheets shown in Fig. 36(e) comprises a base film 501 , a light confining layer 502a formed on 
30 the inner surface of the base film 501, a light confining layer 502b formed on the surface of the light confining layer 
502a, and an adhesive layer 503 formed on the light confining layer 502b. 

[0740] When necessary, a gas-barrier layer may be formed on any one of the component layers of the protective 
sheet, preferably, an inner layer. When a layer other than the base film, such as the light confining layer, is the outermost 
layer, a protective layer may be formed on the surface of the outermost layer by a film lamination process or resin 
35 coating process. 

[0741] As mentioned above, the protective sheet thus formed is excellent in strength, heat resistance, weather re- 
sistance, transparency and gas impermeability. Since the protective sheet is provided beforehand with the adhesive 
layer for bonding the protective sheet to a photovoltaic layer provided with solar cells, the adhesive layer can be formed 
in the lest necessary thickness, and the process for fabricating a solar battery module is simplified. The protective 
40 sheet is capable of making light incident on the solar battery module fall repeatedly on the solar cells and of improving 
power generating efficiency. 

[0742] Figs. 37(a) and 37(b) are typical sectional views of light confining layers for protective sheets in accordance 
with the present invention for solar battery modules. These light confining layers are the same as those previously 
described with reference to Figs. 37(a) and 37(b) and hence the description thereof will be omitted to avoid duplication. 
45 [0743] Fig. 38(a) is a plan view of an irregular structure of assistance in explaining the irregular structures of the light 
confining layers shown in Fig. 37(a) and 37(b), Fig. 38(b) is a secitonal view taken online A-A in Fig. 38(a) and Fig. 38 
(c) is a perspective view of the irregular structure shown in Fig. 38(a). 

[0744] As shown in Fig. 38(c), the light confining layer 502 has a corrugated irregular structure formed by arranging 
ridges having a triangular cross section. Preferably, the apex angle 9 of the triangular cross section of the ridges is 
so about 90°. An optimum apex angle of the triangular cross section is 90° and a preferable height of the triangular cross 
section is in the range of 0.1 nm to 500 jam. 

[0745] Figs. 39(a) is a plan view of another light confining layer 502, Fig. 39(b) is a sectional view taken on line A- 
A in Fig. 39(a), and Fig. 39(9c) is a perspective view of the light confining layer 502. 

[0746] As obvious from Fig. 39(c), the light confining layer 502 shown in Figs. 39(a) to 39(c) has an irregular structure 
55 formed regularly arranging pyramidal projections. Preferably, the apex angle 0 of the triangular cross section of the 
pyramidal projections is about 90°. An optimum apex angle 9 of the triangular cross section of the pyramidal projection 
is 90° and a preferable height of the pyramidal projections is in the range of 0.1 nm to 500 |im. 

[0747] Fig. 40 is a typical sectional view of a solar battery module 500 provided with a protective film in accordance 
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with the present invention. 

[0748] As shown in Fig. 40, the solar battery module 500 is a laminated structure comprising a base film 501 as a 
front surface protective sheet, a light confining layer 502, an adhesive layer 503, a photovoltaic layer 507 provided 
with solar cells, and a substrate 508 superposed in that order. The solar battery module may be fabricated, for example, 
5 by forming the photovoltaic layer 507 provided with solar cells on the substrate 508, superposing a protective sheet 
510 formed by superposing and laminating the the base film 501, the light confining layer 502 and the adhesive layer 
503 in that order on the substrate 508 provided with the photovoltaic layer 507, and bonding together the protective 
sheet 510 and the substrate 508 provided with the photovoltaic layer 507 by hot pressing. 

[0749] When necessary, a gas-barrier layer may be formed on any one of the component layers of the protective 
10 sheet 510. When necessary, a back surface protective sheet similar to the protective sheet 510 may be bonded to the 
back surface, i.e., the outer surface, of the substrate 508. 

[0750] Since the front surface of the photovoltaic layer provided with solar cells is covered with the protective sheet 
excellent in strength, heat resistance, weather resistance, transparency and gas impermeability and capable of making 
light incident on the solar battery module fall repeatedly on the solar cells, the solar battery module is excellent in long- 
15 term reliability, is capable of effectively using incident light fallen on the solar cells and has excellent power generating 
ability. 

Examples 

20 [0751] Examples and a comparative example will be described below. 
EXAMPLE 1 

[0752] A 75 |im thick ETFE film was used as a base film. A light confining layer having a corrugated irregular structure 
25 comprising ridges having a triangular cross section as shown in Fig. 38 was formed of an ultraviolet curable acrylic 
resin on one of the surfaces of the 75 |im thick ETFE film. The triangular cross section was 8 u.m in height and 60° in 
apex angle. A 80 nm thick textured layer of ZnO was deposited on the light confining layer by a CVD process. A 70 
nrn thick deposited SiO x film as a gas-barrier layer was formed on the textured layer by a CVD process to complete a 
protective sheet in Example 1 for a solar battery module. 

30 

EXAMPLE 2 

[0753] A protective sheet in Example 2 for a solar battery module of the same components as those of Example 1 
was fabricated by the same processes as in Example 1 , except that the protective sheet in Example 2 was provided 
35 with a light confining layer having a corrugated irregular structure comprising ridges of a triangular cross section of 8 
u.m in height and 90° in apex angle. 

EXAMPLE 3 

40 [0754] A protective sheet in Example 3 for a solar battery module of the same components as those of Example 1 
was fabricated by the same processes as in Example 1 , except that the protective sheet in Example 3 was provided 
with a light confining layer having a corrugated irregular structure comprising ridges of a triangular cross section of 8 
urn in height and 120° in apex angle. 

45 EXAMPLE 4 

[0755] A protective sheet in Example 2 for a solar battery module of the same components as those of Example 1 
was fabricated by the same processes as in Example 1, except that the protective sheet in Example 4 was provided 
with a light confining layer having an irregular structure comprising pyramidal projections of a triangular cross section 
50 of 8 fim in height and 60° in apex angle as shown in Fig. 39. 

EXAMPLE 5 

[0756] A protective sheet in Example 5 for a solar battery module of the same components as those of Example 4 
55 was fabricated by the same processes as in Example 4, except that the protective sheet in Example 5 was provided 
with a light confining layer having an irregular structure comprising pyramidal projections of a triangular cross section 
of 8 um in height and 90° in apex angle. 
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EXAMPLE 6 

[0757] A protective sheet in Example 6 for a solar battery module of the same components as those of Example 4 
was fabricated by the same processes as in Example 4, except that the protective sheet in Example 6 was provided 
with a light confining layer having an irregular structure comprising pyramidal projections of a triangular cross section 
of 8 u.m in height and 120° in apex angle. 

COMPARATIVE EXAMPLE 1 

[0758] A protective sheet in Comparative example 1 for a solar battery module of the same components as those of 
Example 1 was fabricated, except that the protective sheet in Comparative example 1 was provided with a 8 urn thick 
flat ultraviolet curable acrylic resin film instead of the light confining layer. 

Tests and Test Results 

[0759] Solar battery modules in Examples 1 to 6 and Comparative example 1 were fabricated by bonding the pro- 
tective sheets in Examples 1 to 6 and Comparative example 1 by hot pressing to photovoltaic layers, respectively. 
Each photovoltaic layer was provided with amorphous silicon solar cells formed on a glass substrate provided with a 
deposited Ag film as a reflecting layer. 

[0760] Short-circuit currents J sc (mA/cm2) in the solar battery modules in Examples 1 to 6 and Comparative example 
1 were measured. Percent short-circuit current increase based on the short-circuit current in the solar battery moducle 
in Comparative example 1 was calculated. Measured and calculated data are shown in Table 8-1. 



Table 8-1 



Test Result 




Irregular structure 


Apex angle 


Short-circuit Current (J sc 
(mA/cm 2 ) 


Short-circuit current 
improvement ratio (%) 


Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 


Corrugated 
Corrugated 
Corrugated 
Pyramidal 
Pyramidal 
Pyramidal 


60° 
90° 
120° 
60° 
90° 
120° 


30.5 
31.1 
29.6 
30.8 
31.2 
29.3 


4.8 
6.9 
1.7 
5.8 
7.2 
0.7 


Comparative Example 
1 


Flat 




29.1 


0 



[0761] As obvious from Table 8-1 , the short-circuit currents in the solar battery modules in Examples 1 to 6 employing 
the protective films in Examples 1 to 6 as their front surface protective sheets, respectively, are higher than that in the 
solar battery module in Comparative example 1 employing the protective sheets in Comparative example 1, which 
proves the effect of the light confining layer in increasing short-circuit current. 

[0762] The short-circuit current in the solar battery module in Example 5 employing the protective sheet provided 
with the light confining layer having the irregular structure formed of the ultraviolet curable resin and comprising the 
pyramidal projections of a triangular cross section of 8 in height and 90° in apex angle is the highest and best 
among those in the solar battery modules in Examples 1 to 6. 

[0763] As apparent from the foregoing description, the protective sheet according to the present invention for a solar 
battery module is excellent in strength, heat resistance, weather resistance, transparency and gas impermeability, and 
is capable of making light incident on the solar battery module fall repeatedly on the solar cells to increase short-circuit 
current and power generating efficiency. 

[0764] The adhesive layer for bonding the protective sheet to the photovoltaic layer provided with solar cells can be 
formed beforehand on the inner surface of the protective sheet. Therefore, the adhesive layer can be formed in the 
least necessary thickness and the process for fabricating the solar battery module by bonding together the protective 
sheet and the phpotvoltaic layer provided with solar cells can be simplified. The protective sheet makes light incident 
on the solar battery module fall repeatedly on the solar cells and thereby increases power generating efficiency. 
[0765] The solar battery module employing the protective sheet as its front surface protective sheet or its back surface 
protective sheet is excellent in long-term reliability and is capable of generating power at a high power generating 
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efficiency and of being produced at high productivity. 

[0766] The materials mentioned in the description of the first to the seventh embodiment are applicable to the eighth 
embodiment. 

5 

Claims 

1 . A protective sheet for a solar battery module, comprising: 

10 a weather-resistant sheet; and 

a deposited inorganic oxide thin film formed on one of surfaces of the weather-resistant sheet. 

2. The protective sheet for a solar battery module, according to claim 1 , wherein the weather-resistant sheet is a 
fluorocarbon resin sheet. 

15 

3. The protective sheet for a solar battery module, according to claim 2, wherein the fluorocarbon resin film has a 
visible radiation transmittance of 90% or above. 

4. The protective sheet for a solar battery module, according to claim 2, wherein the fluorocarbon resin sheet contains 
20 an ultraviolet absorber and/or an oxidation inhibitor. 

5. The protective sheet for a solar battery module, according to claim 2, wherein a surface-treated layer is formed in 
one of the surfaces of the fluorocarbon resin sheet. 

25 6. The protective sheet for a solar battery module, according to claim 2, wherein the surface-treated layer is a plasma- 
processed layer, a corona-processed layer, a layer of a primer for deposition, a layer of an anchoring agent or a 
layer of an adhesive. 

7. The protective sheet for a solar battery module, according to claim 2, wherein the deposited inorganic oxide thin 
30 film is a single-layer inorganic oxide thin film, a multilayer film consisting of at least two inorganic thin films or a 

composite film consisting of at least two deposited thin films of inorganic oxides different from each other. 

8. The protective sheet for a solar battery module, according to claim 1, wherein the weather-resistant sheet is a 
cyclic polyolefin sheet. 

35 

9. The protective sheet for a solar battery module, according to claim 8, wherein the cyclic polyolefm sheet has a 
visible radiation transmittance of 90% or above. 

10. The protective sheet for a solar battery module, according to claim 8, wherein the cyclic polyolefin sheet contains 
40 one or some of additives including an ultraviolet absorber, an oxidation inhibitor and reinforcing fibers. 

11. The protective sheet for a solar battery module, according to claim 8, wherein a surface of the cyclic polyolefin 
sheet is processed in an embossed surface. 

45 12. The protective sheet for a solar battery module, according to claim 8, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film, a multilayer film consisting of at least two inorganic oxide thin films 
or a composite film consisting of at least two deposited thin films of inorganic oxides different from each other. 

1 3. The protective sheet for a solar battery module, according to claim 1 , wherein a coating film of a composite material 
50 comprising a condensation polymer produced through the hydrolysis of a silicon compound is formed on the de- 
posited inorganic oxide thin film. 

14. The protective sheet for a solar battery module, according to claim 13, wherein the weather-resistant sheet has a 
visible radiation transmittance of 90% or above. 



55 



1 5. The protective sheet for a solar battery module, according to claim 1 3, wherein the weather-resistant sheet contains 
an ultraviolet absorber and/or an oxidation inhibitor. 
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16. The protective sheet for a solar battery module, according to claim 13, wherein the weather-resistant sheet is a 
fluorocarbon resin sheet, a cyclic polyolefin sheet, a polycarbonate sheet, a poly(meta)acrylic sheet or a polyester 
sheet. 

5 17. The protective sheet for a solar battery module, according to claim 13, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film, a multilayer hin film consisting of at least two inorganic oxide thin 
films or a composite film consisting of at least two deposited thin films of inorganic oxides different from each other. 

18. The protective sheet for a solar battery module, according to claim 13, wherein the deposited inorganic oxide thin 
10 film has a thickness in the range of 50 to 4000 A. 

19. The protective sheet for a solar battery module, according to claim 1 3, wherein the silicon compound is a substance 
expressed by a general formula R'SiR 3 , where R* denotes a group stable to hydrolysis and capable of being po- 
lymerized by heat and/or ionizing radiation, and R denotes an OH group and/or a group subject to hydrolysis. 

15 

20. The protective sheet for a solar battery module, according to claim 19, wherein R' in the general formula R'SiR 3 
is a group including an epoxy atomic group or a group including an atomic group having a C-C double bond. 

21. The protective sheet for a solar battery module, according to claim 19, wherein R* in the general formula R'SiR 3 
20 is a group including a (meta)acryl atomic group. 

22. The protective sheet for a solar battery module, according to claim 13, wherein the composite materia! contains a 
condensation polymer produced through the hydrolysis of an organic metal compound expressed by a general 
formula MR n , where M denotes an element selected from silicon, aluminum, titanium, zirconium, vanadium, boron 

25 and tin, R denots an OH group and/or a group subject to hydrolysis and n denotes valence of the metallic element. 

23. The protective sheet for a solar battery module, according to claim 13, wherein the composite material contains a 
resin having hydrogen bond forming groups. 

30 24. The protective sheet for a solar battery module, according to claim 1 3, wherein the protective sheet has an oxygen 
permeability of 2.0 cc/m 2 dayatm or below in an atmosphere of 25° C and 90% RH and a moisture permeability 
of 2.0 g/m 2 day or below in an atmosphere of 40° C and 100% RH. 

25. The protective sheet for a solar battery module, according to claim 1 , wherein a soil-resistant layer and/or an 
35 ultraviolet absorbing layer is formed on one of or both the surfaces of the weather-resistant sheet or the deposited 

inorganic oxide thin film. 

26. The protective sheet for a solar battery module, according to claim 25, wherein the ultraviolet absorbing layer and 
the soil-resistant layer are formed on the weather-resistant sheet, and the soil-resistant layer serves as an outer- 

40 most layer. 

27. The protective sheet for a solar battery module, according to claim 25, wherein the soil-resistant layer is formed 
on the weather-resistant sheet, the ultraviolet absorbing layer is formed on the deposited inorganic oxide thin film, 
and the soil-resistant layer serves as an outermost layer. 

45 

28. The protective sheet for a solar battery module, according to claim 25, wherein the weather-resistant sheet is a 
transparent fluorocarbon resin sheet having a visible radiation transmittance of 90% or above. 

29. The protective sheet for a solar battery module, according to claim 25, wherein the weather-resistant sheet is a 
50 transparent fluorocarbon resin sheet of a vinyl fluoride resin or an ethylene-tetrafluoroethylene copolymer. 

30. The protective sheet for a solar battery module, according to claim 25, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film or a multilayer film consisting of at least two inorganic oxide thin films 
deposited by physical vapor deposition processes. 

55 

31. The protective sheet for a solar battery module, according to claim 25, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film or a multilayer film consisting of at least two inorganic oxide thin films 
deposited by chemical vapor deposition processes. 
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32. The protective sheet for a solar battery module, according to claim 25, wherein the deposited inorganic oxide thin 
film is a multilayer film consisting of at least two layers formed by a physical vapor deposition process and a 
chemical vapor deposition process. 

5 33. The protective sheet for a solar battery module, according to claim 32, wherein the deposited inorganic oxide thin 
film is a multilayer film consisting of at least a deposited inorganic oxide thin film formed by a chemical vapor 
deposition process and a deposited inorganic oxide thin film formed by a physical vapor deposition process. 

34. The protective sheet for a solar battery module, according to claim 25, wherein the soil-resistant layer is a coating 
10 film of a composite material containing photocatalytic powder containing titanium oxide as a principal component, 

or a sol containing fine particles. 

35. The protective sheet for a solar battery module, according to claim 25, wherein the ultraviolet absorbing layer is a 
coating film of a composite material containing an ultraviolet absorber. 

15 

36. The protective sheet for a solar battery module, according to claim 1 , wherein the a deposition-resistant protective 
film is sandwiched between the weather-resistant sheet and the deposited inorganic oxide thin film. 

37. The protective sheet for a solar battery module, according to claim 36, wherein the weather-resistant sheet has a 
20 visible radiation transmittance of 90% or above. 

38. The protective sheet for a solar battery module, according to claim 36, wherein the weather-resistant sheet contains 
an ultraviolet absorber and/or an oxidation inhibitor. 

25 39. The protective sheet for a solar battery module, according to claim 36, wherein the weather-resistant sheet is a 
fluorocarbon resin sheet, a cyclic polyolefin sheet, a polycarbonate sheet, a po!y(meta)acrylic sheet or a polyester 
sheet. 

40. The protective sheet for a solar battery module, according to claim 36, wherein the deposition-resistant protective 
30 film is a deposited inorganic oxide film formed by a chemical vapor deposition process or a physical vapor deposition 

process. 

41. The protective sheet for a solar battery module, according to claim 36, wherein the deposition-resistant protective 
film is a deposited inorganic oxide film formed by a plasma chemical vapor deposition process. 

35 

42. The protective sheet for a solar battery module, according to claim 36, wherein the deposition-resistant protective 
film is a deposited silicon oxide film formed by a plasma chemical vapor deposition process. 

43. The protective sheet for a solar battery module, according to claim 36, wherein the deposition-resistant protective 
40 film is formed of a silicon oxide compound having silicon and oxygen as component elements, and the silicon oxide 

compound contains at least carbon or hydrogen as a trace element or both carbon and hydrogen as trace elements. 

44. The protective sheet for a solar battery module, according to claim 36, wherein the deposition-resistant protective 
film has a thickness of 10 A - than 150 A. 

45 

45. The protective sheet for a solar battery module, according to claim 36, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film, a multilayer film consisting of at least two inorganic oxide thin films 
or a composite film consisting of at least two deposited thin films respectively of different inorganic oxides different 
from each other. 

50 

46. The protective sheet for a solar battery module, according to claim 36, wherein the deposited inorganic oxide film 
has a thickness in the range of 150 A to 4000 A. 

47. protective sheet for a solar battery module, according to claim 1, wherein an additional weather-resistant sheet is 
55 disposed on the deposited inorganic oxide thin film. 

48. The protective sheet for a solar battery module, according to claim 47, wherein the weather-resistant sheet has a 
visible radiation transmittance of 90% or above. 
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49. The protective sheet for a solar battery module, according to claim 47, wherein the weather-resistant sheet contains 
an ultraviolet absorber and/or an oxidation inhibitor. 

50. The protective sheet for a solar battery module, according to claim 47, wherein the deposited inorganic oxide thin 
5 film is a single-layer inorganic oxide thin film, a multilayer film consisting of at least two inorganic oxide thin films 

or a composite film consisting of at least two deposited thin films of inorganic oxides different from each other. 

51. The protective sheet for a solar battery module, according to claim 47, wherein the additional weather-resistant 
sheet is a cyclic polyolefin film of a polycyclopentadiene resin, a polydicyclopentadiene resin or a polynorboma- 

10 diene resin. 

52. A protective sheet for a solar battery module, formed by superposing a pair of laminated structures each comprising 
a weather-resistant sheet and a deposited inorganic oxide thin film. 

15 53. The protective sheet for a solar battery module, according to claim 52, wherein the weather-resistant sheet is a 
fluorocarbon resin sheet. 

54. The protective sheet for a solar battery module, according to claim 53, wherein the pair of laminated structures 
are bonded together with an adhesive layer, an extruded adhesive resin layer or a resin sheet excellent in strength. 

20 

55. The protective sheet for a solar battery module, according to claim 53, wherein the fluorocarbon resin sheet has 
a visible radiation transmittance of 90% or above. 

56. The protective sheet for a solar battery module, according to claim 53, wherein the fluorocarbon resin sheet contains 
25 an ultraviolet absorber and/or an oxidation inhibitor. 

57. The protective sheet for a solar battery module, according to claim 53, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film, a multilayer film consisting of at least two inorganic oxide thin films 
or a composite film consisting of at least two deposited thin films of inorganic oxides different from each other. 

58. The protective sheet for a solar battery module, according to claim 54, wherein the adhesive layer, the adhesive 
layer, the extruded adhesive resin layer or the resin sheet excellent in strength contains an ultraviolet absorber 
and/or an oxidation inhibitor. 

35 59. The protective sheet for a solar battery module, according to claim 52, wherein each of the laminated structures 
has a coating film of a composite material comprising a condensation polymer produced through the hydrolysis of 
a silicon compound, formed on the deposited inorganic oxide thin film. 

60. The protective sheet for a solar battery module, according to claim 52, wherein the weather-resistant sheet is a 
40 cyclic polyolefin sheet. 

61. The protective sheet for a solar battery module, according to claim 60, wherein the pair of laminated structures 
are bonded together with an adhesive layer, an extruded adhesive resin layer or a resin sheet excellent in strength. 

45 62. The protective sheet for a solar battery module, according to claim 60, wherein the cyclic polyolefin sheet has a 
visible radiation transmittance of 90% or above. 

63. The protective sheet for a solar battery module, according to claim 60, wherein the cyclic polyolefin sheet contains 
an ultraviolet absorber and/or anoxidation inhibitor. 

50 

64. The protective sheet for a solar battery module, according to claim 60, wherein the deposited inorganic oxide thin 
film is a single-layer inorganic oxide thin film, a multilayer film consisting of at least two inorganic oxide thin films 
or a composite film consisting of at least two deposited thin films of inorganic oxides different from each other. 

55 65. The protective sheet for a solar battery module, according to claim 61, wherein the adhesive layer, the extruded 
adhesive resin layer or the resin sheet excellent in strength contains an ultraviolet absorber and/or an oxidation 
inhibitor. 
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66. A protective sheet for a solar battery module, comprising: 

a weather-resistant sheet; and 

an ultraviolet intercepting layer, an infrared intercepting layer or a highly reflective layer formed on one of the 
5 surfaces of the weather-resistant sheet. 

67. The protective sheet for a solar battery module, according to claim 66, wherein the ultraviolet intercepting layer is 
a coating resin film containing dispersed metal oxide particles having a mean particle size in the range of 1 to 1000 
nm. 

10 

68. The protective sheet for a solar battery module, according to claim 67, wherein the metal oxide particles are Ti0 2 
particles, ZnO particles, a-Fe 2 0 3 particles or Ce0 3 particles. 

69. The protective sheet for a solar battery module, according to claim 66, wherein the infrared intercepting layer is a 
*5 deposited metal film or a coating resin film containing dispersed metal oxide particles. 

70. The protective sheet for a solar battery module, according to claim 69, wherein the deposited metal film is a de- 
posited Al film or a deposited Ag film. 

20 71. The protective sheet for a solar battery module, according to claim 69, wherein the metal oxide particles are SnOj 
particles capable of efficiently absorbing infrared radiation. 

72. The protective sheet for a solar battery module, according to claim 66, wherein the highly reflective layer is a 
deposited Ag or Al film, or a resin film containing dispersed white pigment. 

25 

73. A method of fabricating a protective sheet for a solar battery module, comprising at least a weather-resistant sheet 
and an ultraviolet intercepting layer formed on the weather-resistant sheet, said method comprising the steps of: 

preparing a weather-resistant sheet; and 
30 forming an ultraviolet intercepting layer by applying a liquid coating resin containing dispersed T10 2 or Ce0 2 

particles having a mean particle size in the range of 1 to 1000 nm to the weather-resistant sheet in a coating 
film and drying the coating film. 

74. The method of fabricating a protective sheet for a solar battery module, according to claim 73, wherein a primer 
35 layer is formed on a surface of the weather-resistant sheet on which the liquid coating resin is to be applied before 

applying the liquid coating resin to the weather-resistant sheet. 

75. A method of fabricating a protective sheet for a solar battery module, comprising at least a weather-resistant sheet 
and an infrared intercepting layer formed on the weather-resistant sheet, said method comprising the steps of: 

40 

preparing a weather-resistant sheet; and 

forming an infrared intercepting layer by applying a liquid coating resin containing dispersed metal oxide par- 
ticles to the weather-resistant sheet in a coating film and drying the coating film. 

45 76. A protective sheet for a solar battery module, comprising: 

a weather-resistant sheet; and 

a light confining layer formed on one of the surfaces of the weather-resistant sheet. 
50 77. The protective sheet for a solar battery module, according to claim 76 further comprising an adhesive layer. 

78. The protective sheet for a solar battery module, according to claim 76, wherein the light confining layer has an 
irregular structure comprising an arrangement of irregularities having a height or depth in the range of 0.1 nm to 
500 jim. 

55 

79. The protective sheet for a solar battery module, according to claim 76, wherein the light confining layer has irregular 
structure comprises a large irregular structure comprising an arrangement of irregularities having a height of depth 
in the range of 1 to 500 um, and a small irregular structure comprising small irregularities of a height or depth in 
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the range of 0.1 to 500 nm formed on the large irregular structure. 
80. The protective sheet for a solar battery module according to claim 76 further comprising a gas-barrier layer. 
5 81. A solar battery module comprising: 

a photovoltaic layer provided with solar cells; 

a pair of filler layers contiguous respectively with opposite surfaces of the photovoltaic layer provided with 
solar cells; and 

w a pair of protective sheets contiguous respectively with the pair of filler layers; 

wherein, at least one of the pair of protective sheets comprises a weather-resistant sheet and a deposited 
inorganic oxide thin film. 

15 82. The solar battery module according to claim 81 . wherein the weather-resistant sheet is a fluorocarbon resin sheet. 

83. The solar battery module according to claim 81, wherein the weather-resistant sheet is a cyclic polyolefin sheet. 

84. The solar battery module according to claim 81, wherein the protective sheet comprising the weather-resistant 
20 sheet and the deposited inorganic oxide thin film, further comprises a coating film formed of a composite material 

comprising a condensed polymer produced through the hydrolysis of a silicon compound on the deposited inorganic 
oxide thin film. 

85. The solar battery module according to claim 81 , wherein the protective sheet comprising the weather-resistant 
25 sheet and the deposited inorganic oxide thin film, further comprises a soil-resistant layer and/or an ultraviolet 

absorbing layer formed on one of or both the surfaces of the weather-resistant sheet and the deposited inorganic 
oxide thin film. 

86. The solar battery module according to claim 81, wherein the protective sheet comprising the weather-resistant 
30 sheet and the deposited inorganic oxide thin film, further comprises a deposition-resistant protective film sand- 
wiched between the weather-resistant sheet and the deposited inorganic oxide thin film. 

87. The solar battery module according to claim 81, wherein the protective sheet comprising the weather-resistant 
sheet and the deposited inorganic oxide thin film, further comprises an additional weather-resistant sheet disposed 

35 on the deposited inorganic oxide thin film. 

88. A solar battery module comprising: 

a photovoltaic layer provided with solar cells; 
40 a pair of filler layers contiguous respectively with opposite surfaces of the photovoltaic layer provided with 

solar cells; and 

a pair of protective sheets contiguous respectively with the pair of filler layers; 

wherein, at least one of the pair of protective sheets comprises a pair of superposed laminated structures 
45 each comprising a weather-resistant sheet and a deposited inorganic oxide thin film. 

89. The solar battery module according to claim 88, wherein the weather resistant sheet is a fluorocarbon resin sheet. 

90. The solar battery module according to claim 88, wherein the weather-resistant sheet is a cyclic polyolefin sheet. 

50 

91. The solar battery module according to claim 88, wherein each laminated structure has a coating film formed of a 
composite material comprising a condensed polymer produced through the hydrolysis of a silicon compound on 
the deposited inorganic oxide thin film. 

55 92. A solar battery module comprising: 

a photovoltaic layer provided with solar cells; 

a pair of filler layers contiguous respectively with opposite surfaces of the photovoltaic layer provided with 
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solar cells; and 

a pair of protective sheets contiguous respectively with the pair of filler layers; 

wherein, at least one of the pair of protective sheets comprises a weather-resistant sheet, and an ultraviolet 
intercepting layer, an infrared intercepting layer or a highly reflective layer formed on one of the sufaces of the 
weather-resistant sheet. 

93. A solar battery module comprising: 

a photovoltaic layer provided with solar cells; 

a pair of filler layers contiguous respectively with opposite surfaces of the photovoltaic layer provided with 
solar cells; and 

a pair of protective sheets contiguous respectively with the pair of filler layers; 

wherein, at least one of the pair of protective sheets comprises a weather-resistant sheet, and a light confining 
layer formed on one of the surfaces of the weather-resistant sheet. 
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